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C o rne ll U n ive rs ity  A n n o u n ce m e n ts
Volum e 67  o f th e  C o rne ll U n ive rs ity  A n n o u n c e m e n ts  c o n ­
s is ts  o f tw e n ty -tw o  ca ta lo g s , of w h ich  th is  is  n u m b e r 10 
d a te d  Ju n e  23, 1975. P u b lica tio n  da tes : tw e n ty -tw o  tim es 
a  ye a r (fou r tim e s  in A u g u s t: th re e  tim e s  in J a n u a ry  and  
M arch ; tw ic e  in June , July, S ep tem ber, an d  N o vem b er; 
o n c e  in A p ril, May, O ctobe r, a n d  D e ce m b e r). P ub lisher: 
C o rne ll U n iversity, S h e ld o n  C o urt, 4 2 0  C o lle g e  Avenue, 
Ithaca , N ew  York 14853. S e c o n d -c la s s  p o s ta g e  p a id  a t 
Ithaca , N e w  York.
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The c o u rs e s  a n d  c u rr ic u la  d e s c r ib e d  in th is  A n n o u n ce m e n t, an d  
th e  te a ch in g  p e rso n n e l lis te d  h e re in ,a re  s u b je c t to  c h a n g e a t any 
tim e  by  o ffic ia l a c tio n  of C o rn e ll Un iversity.
Further Information
U n d erg rad u a tes
P ro sp e c tive  e n g in e e r in g  s tu d e n ts  sh o u ld  w rite  fo r a  c o p y  
o f th e  A n n o u n c e m e n t o f  G e n e ra l In fo rm a tio n , w h ich  d e ­
s c r ib e s  th e  U n ive rs ity  co m m u n ity  in g re a te r  de ta il. E n­
g in e e r in g  a t C orne ll, an  illu s tra te d  A n n o u n ce m e n t, has 
b e e n  p re p a re d  e s p e c ia lly  fo r p re -c o lle g e  s tu d e n ts , an d  it 
to o  m ay b e  o b ta in e d  b y  w ritin g  C o rne ll U n ive rs ity  A n ­
nou n ce m e n ts , D ay Hall, Ithaca , N e w  York 14853.
G ra d u ates
The A n n o u n ce m e n t o f  th e  G ra d u a te  S c h o o l sh o u ld  be  
c o n s u lte d  fo r a d d it io n a l in fo rm a tio n  re g a rd in g  a d m iss io n , 
finan c ia l a id , an d  d e g re e  re q u ire m e n ts . A p p lic a n ts  for 
g ra d u a te  s tu d y  m ay a lso  re q u e s t the  A n n o u n c e m e n t o f  
th e  G ra d u a te  S ch o o l: C o u rse  D e sc rip tio n s .  A lso  a va ila b le  
is  G ra d u a te  S tu d y  in  E n g in e e rin g  a n d  A p p lie d  S cience , 
w h ich  co n ta in s  in fo rm a tio n  on  va rio u s  re se a rch  p ro g ra m s  
a n d  a re a s  o f study. These  p u b lic a tio n s  m ay b e  o b ta in e d  
b y  w r itin g  C o rne ll U n ive rs ity  A n n o u n ce m e n ts , D ay Hall, 
Ithaca , N ew  York 14853.
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R eg is tra tion , new  s tu d e n ts Thursday, A u g u s t 28
R e g is tra tion , c o n tin u in g  and  re jo in in g  s tu d e n ts Friday, A u g u s t 29
Fall te rm  in s tru c tio n  b e g in s M onday, S e p te m b e r 1
T h a n ksg iv in g  recess :
In s tru c tio n  s u sp e n d e d , 1 :10 p.m . W ednesday, N o ve m b e r 26
Ins truc tion  re su m e d , 7 :30  a.m. M onday, D e c e m b e r 1
Fall te rm  in s tru c tio n  end s, 1 :10 p.m . S a turday, D e c e m b e r 6
Final e xa m in a tio n s  b e g in Sa turday, D e c e m b e r 13
Final e xa m in a tio n s  end S aturday, D e c e m b e r 20
R e g is tra tion , new  and  re jo in in g  s tu d e n ts Thursday, Ja n u a ry  22
R e g is tra tion , c o n tin u in g  s tu d e n ts Friday, J a n u a ry  23
S p ring  te rm  in s tru c tio n  b e g in s , 7 :3 0  a.m . M onday, J a n u a ry  26
S p ring  recess :
Ins truc tion  s u s p e n d e d , 1:10 p.m . Sa turday, M arch  27
In s tru c tio n  re su m e d , 7 :30  a.m. M onday, A p ril 5
S p rin g  te rm  in s tru c tio n  end s, 1:10 p.m . S a turday, M ay 8
F inal e xa m in a tio n s  b e g in M onday, M ay 17
Final e xa m in a tio n s  en d M onday, M ay 24
C o m m e n ce m e n t Day Friday, M ay 28
T he  d a te s  show n in th e  A c a d e m ic  C a le n d a r a re  s u b ­
je c t to  ch a n g e  a t any t im e  b y  o ffic ia l a c tio n  of C o rne ll 
U n iversity,
In e n a c tin g  th is  ca lenda r, the  U n ive rs ity  S e na te  has 
s c h e d u le d  c la sse s  on  re lig io u s  ho lida ys . It is th e  in ­
te n t of S enate  le g is la tio n  tha t s tu d e n ts  m iss ing  
c la sse s  du e  to  th e  o b s e rv a n c e  o f re lig io u s  h o lid a ys  
b e  g ive n  a m p le  o p p o rtu n ity  to  m ake  u p  w ork.
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In e n g in e e rin g , a co n s ta n t fa c to r  is c h a n g e — ch a n g e  
so sw ift th a t th e  e n g in e e r in g  s tu d e n t m us t be  o ffe red  
an e d u ca tio n  th a t is  a d a p ta b le  a n d  fle x ib le  as  w e ll as 
sp e c ific . In its lo ng  history, th e  C o lle g e  of e n g in e e rin g  
at C o rne ll has c o n s is te n tly  o ffe red  su ch  e d u ca tio n . 
Today the  C o lle g e  c o m b in e s  u n d e rg ra d u a te  and  
g ra d u a te  e d u ca tio n  w ith  sc ie n tific  an d  e n g in e e rin g  
re se a rch  w ith in  the  c o n te x t o f a d ive rse  a n d  d is tin ­
g u ish e d  u n ive rs ity  and  is th e re b y  c o n tin u in g  its tra d i­
tion  of p ro v id in g  bo th  p ra c tic a l an d  so u n d  gen e ra l 
e d u ca tio n .
E n g in e e rin g  co u rse s  have  been  ta u g h t a t C o rne ll 
s in ce  th e  U n ive rs ity  w a s  fo u n d e d  m ore  than  one  
h u n d re d  ye a rs  ago . A t tha t tim e, C o rne ll w a s  re ­
g a rd e d  as a  ra d ica l e x p e rim e n t in h ig h e r e d u ca tio n , 
te a ch in g  s u b je c ts  like  e n g in e e r in g  an d  a g r ic u ltu re  as 
w e ll as  the  hum an ities . The  U n ive rs ity ’s fo u n d e r and  
first bene fac to r, Ezra  C o rne ll, w a s  co n v in c e d , h o w ­
ever, tha t th e  c la s s ic s  an d  th e  m ore  p ra c tic a l 
“ m e ch a n ic  a r ts ” w o u ld  th rive  to g e th e r a n d  th a t the  
na tion  n e e d e d  c itize n s  e d u c a te d  in bo th . Mr. C orne ll 
had  ha d  c o n s id e ra b le  e x p e rie n c e  in e n g in e e rin g  
w o rk; fo r exam p le , he  la id  th e  first te le g ra p h  line  b e ­
tw een  B a ltim o re  a n d  W ash ing ton  fo r S am ue l F B. 
M orse. E zra  C o rne ll m a d e  th e  first c le a r s ta te m e n t o f 
w h a t is  now  g e n e ra lly  c o n c e iv e d  to  b e  th e  tru e  un i­
v e rs ity  c o n c e p t o f h ig h e r e d u ca tio n , w h en  he sa id  of 
h is  U n iversity, “ I w o u ld  fo u n d  an  in s titu tio n  w h e re  any 
pe rson  can  find  in s tru c tio n  in a n y  study."
In a d d it io n  to the  C o lle g e  o f E n g ine e ring , C o rne ll U n i­
ve rs ity  has s ix  o th e r d iv is io n s  to  w h ich  s e c o n d a ry  
schoo l g ra d u a te s  a re  a d m itte d : C o lle g e  o f A g ric u ltu re  
an d  L ife  S c ie n ce s ; C o lle g e  of A rch ite c tu re , A rt, and  
P lann ing ; C o lle g e  of A rts  and  S c ie n ce s ; S ch oo l o f 
Hote l A d m in is tra tio n ; C o lle g e  of H u m an E co logy ; an d  
S choo l of Indus tria l an d  L a b o r R e la tions. G ra d u a te  
e d u ca tio n  at C o rne ll is a d m in is te re d  by  th e  G ra d u a te  
S ch oo l a n d  by  th e  p ro fe ss io n a l o r g ra d u a te  d iv is io n s  
in law, ve te r in a ry  m e d ic ine , b u s in e ss  and  p u b lic  a d ­
m in is tra tion , nu rs in g , and  m e d ic ine . A ll b u t th e  last 
tw o  d iv is io n s  (w h ich  a re  in N e w  York C ity ) a re  in 
Ithaca , N ew  York, on  a c a m p u s  th a t is g e n e ra lly  re ­
g a rd e d  as one  o f th e  m ost b e a u tifu l in the  U n ited  
States.
E n g ine e ring  s tu d e n ts  at C o rne ll, w h e th e r g ra d u a te  or 
u n d e rg ra d u a te , a re  not on ly  a p a rt o f a  d is tin g u is h e d  
e n g in e e rin g  c o lle g e  b u t a lso  a p a rt o f th e  la rg e r U n i­
ve rs ity ; th e y  may, o f course , d ra w  u po n  th e  co u rse
o ffe r in g s  o f o the r d iv is io n s  o f C o rne ll. U n d e rg ra d u a te  
s tu d e n ts  h ave  a c h o ic e  of a w id e  ra n g e  o f s p e c ia lty  
p ro g ra m s  w h ich  ca n  be  a d a p te d  to  m ee t p a rt ic u la r  
e d u ca tio n a l an d  ca re e r goa ls , o r th e y  ca n  a rra n g e  
in d iv id u a l cu rricu la .
C o rne ll has p ro d u c e d  m any e n g in e e r in g  firs ts : It d e ­
v e lo p e d  th e  first u n d e rg ra d u a te  e le c tr ic a l e n g in e e rin g  
p ro g ra m  in th e  na tion  a n d  p io n e e re d  in th e  e a rly  d e ­
v e lo p m e n t o f c u rr ic u la  in in d u s tria l e n g in e e rin g , 
m e ch a n ica l e n g in e e rin g , a n d  e n g in e e r in g  ph ys ics . 
C o rn e ll w a s  the  first to  a w a rd  g ra d u a te  d e g re e s  in 
e n g in e e r in g — th e  d e g re e  o f C iv il E n g in e e r in 1870 
an d  th e  firs t d o c to ra te  in c iv il e n g in e e r in g  in 1872.
T he  la tte r w a s th e  firs t Ph.D. a w a rd e d  a t C o rne ll in 
any g ra d u a te  study. In 1885, C o rne ll g ra n te d  th e  first 
Ph.D. in e le c tr ic a l e n g in e e r in g  in th e  na tion , an d  in 
1886, one  o f th e  firs t m a jo r na tio na l sc ie n tific  fra te r­
n ities, S ig m a  Xi, w a s  fo u n d e d  at C orne ll.
Today, a p p ro x im a te ly  2 ,2 0 0  u n d e rg ra d u a te  e n g in e e rs  
are  e n ro lle d  in th e  v a rio u s  sch o o ls  a n d  d e p a rtm e n ts  
of th e  C o lle g e  o f E n g ine e ring . In a d d it io n , a b o u t 650  
fu ll-tim e  s tu d e n ts  a re  w o rk in g  on  a d v a n c e d  d e g re e s  
in a w id e  ra n g e  o f e n g in e e r in g  an d  a p p lie d  s c ie n c e  
a reas. S o m e tw o  h u n d re d  e n g in e e r in g  fa c u lty  m em ­
b e rs  a re  co m p le m e n te d  b y  th e  fa c u lt ie s  in th e  U n i­
ve rs ity ’s  m a th e m a tics  a n d  s c ie n c e  d e p a rtm e n ts .
T he  C o rne ll C o lle g e  of E n g ine e ring  b e lie ve s  tha t e n ­
g in e e r in g  e d u c a tio n  has an  e x p a n d e d  ro le  in to d a y ’s 
c o m p le x  soc ie ty . B e ca u se  so  m any  o f th e  u rg e n t 
p ro b le m s  of th e  w o rld  h ave  te c h n o lo g ic a l c o m p o ­
nen ts , so m e  kn o w le d g e  o f s c ie n c e  an d  te c h n o lo g y  is 
im p o rta n t fo r everyone . A lso , the  in c re a s in g  in te ra c ­
tion  b e tw e e n  e n g in e e rin g  an d  o th e r a s p e c ts  o f m o d ­
ern  life  re q u ire s  a b ro a d ly  b a se d  e d u c a tio n  fo r p ro ­
fess ion a l e n g in e e rs . T he  p ro g ra m s  in e n g in e e r in g  a t 
C o rne ll a re  d e s ig n e d  to  m eet th e se  n e e d s  —  to  p ro ­
v id e  the  fo u n d a tio n  fo r e ffe c tive  w o rk  in a va r ie ty  o f 
n o n -e n g in e e rin g  fie lds , as w e ll as  a w id e  ra n g e  of 
sc ie n tific  a n d  e n g in e e r in g  d is c ip lin e s .
8 A c a d e m ic  P ro g ra m s
O rganization of the College
The C o lle g e  of E n g in e e rin g  o ffe rs  d e g re e  p ro g ra m s  
a t e a ch  of the  fo llo w in g  leve ls : B a ch e lo r o f S c ience , 
M as te r of E n g ine e ring , M aste r o f S c ience , a n d  D o c to r 
of Ph ilosophy. To c a rry  o u t th e  a im s  o f e a ch  o f these  
d e g re e  p ro g ra m s , th e  fa c u lty  o f th e  C o lle g e  o f En­
g in e e rin g  is o rg a n ize d  in to  sch o o ls , d e p a rtm e n ts , 
a n d  g ra d u a te  fie lds.
G enera lly, a schoo l o r d e p a rtm e n t is  re sp o n s ib le  for 
de fin itio n  and  su b s e q u e n t su p e rv is io n  o f th e  u n d e r­
g ra d u a te  c u rric u lu m  in its a re a  o f e n g in e e rin g . In a d ­
d ition , th e  fa c u lty  of a  schoo l is re sp o n s ib le  fo r the  
M as te r of E n g in e e rin g  d e g re e  p ro g ra m .
For M as te r o f S c ie n ce  an d  d o c to ra l p ro g ra m s , the 
U n ive rs ity  fa c u lty  is o rg a n iz e d  in to  g ra d u a te  fie lds. 
T ho se  fie lds  a s s o c ia te d  w ith  th e  fa c u lty  o f th e  C o lle g e  
o f E n g in e e rin g  a re  lis te d  b e lo w  u n d e r M aste r o f S c i­
e n c e  an d  D o c to r o f P h ilo so p h y  d e g re e s .
Facilities
Buildings and Laboratories
A  c o m p le x  o f m o d e rn  b u ild in g s , m ost o f th e m  on the  
E n g ine e ring  Q u a d ra n g le , p ro v id e s  a cco m m o d a tio n s  
fo r e n g in e e rin g  te a c h in g  a n d  resea rch . S evera l of 
these  b u ild in g s  have  been  g ifts  from  d is tin g u is h e d  
C o rn e ll a lum n i.
C a rp e n te r H a ll h o u se s  a d m in is tra tiv e  o ffices an d  th e  
E n g in e e rin g  L ibrary.
B a rd  H a ll co n ta in s  m ost o f th e  la b o ra to rie s  a n d  
c la ss ro o m s  o f th e  D e p a rtm e n t of M a te ria ls  S c ie n ce  
an d  E ng ine e ring .
C la rk  H a ll se rve s  th e  U n ive rs ity 's  D e p a rtm e n t of 
P h ys ics  a n d  h o u se s  fa c il it ie s  o f th e  S ch o o l o f A p p lie d  
an d  E n g in e e rin g  P h ys ics . It is lo c a te d  o n  th e  c a m p u s  
o f th e  C o lle g e  o f A rts  a n d  S c ie n ce s .
G ru m m a n  H a ll, a d ja c e n t to  U p son  Hall, h ou ses som e 
o f th e  fa c ilit ie s  of th e  S ib le y  S ch o o l o f M e ch a n ica l and  
A e ro s p a c e  E n g ine e ring .
H o llis te r H a ll ho u se s  th e  S ch oo l of C iv il a n d  E n v iron ­
m enta l E n g ine e ring .
K im b a ll H a ll is u sed  fo r m e ch a n ica l e n g in e e rin g  
la b o ra to rie s  an d  a lso  hou ses th e  D e p a rtm e n t of 
G e o lo g ica l S c iences .
O lin  H a ll houses the  S ch oo l o f C h e m ica l E ng ine e ring . 
The  D iv is ion  o f B a s ic  S tud ies , th e  E n g ine e ring  
A d v is in g  an d  C o u n se lin g  Center, th e  E n g ine e ring  
R e g is tra tion  O ffice s  a n d  th e  h e a d q u a rte rs  o f th e  
C o lle g e  P rog ram  a lso  a re  lo c a te d  the re .
P h illip s  H a ll is th e  h e a d q u a rte rs  o f th e  S choo l o f E lec­
trica l E n g ine e ring .
Thurston H a ll fa c ilit ie s  a re  u se d  b y  th e  D e p a rtm e n t of 
T h e o re tica l an d  A p p lie d  M e ch a n ics  a n d  b y  th e  D e ­
p a rtm e n t of S truc tu ra l E n g in e e rin g  o f th e  S ch oo l of 
C iv il a n d  E n v iro n m e n ta l E n g ine e ring .
U p so n  H a ll h o u se s  th e  a d m in is tra tiv e  o ffice s  an d  
so m e  o f th e  fa c il it ie s  o f th e  S ib le y  S ch o o l o f M e c h a n i­
ca l a n d  A e ro s p a c e  E n g in e e rin g ; th e  S ch o o l o f In d u s ­
tria l E n g in e e rin g  a n d  O p e ra tio n s  R e sea rch ; th e  U n i­
ve rs ity 's  D e p a rtm e n t o f C o m p u te r S c ie n ce ; a n d  
h e a d q u a rte rs  o f th e  L a b o ra to ry  o f P lasm a  S tud ies . A  
rem o te  te rm in a l o f th e  U n ive rs ity ’s c e n tra l c o m p u tin g  
fac ility , lo ca te d  in U p so n  Hall, p ro v id e s  co n ve n ie n t 
a c c e s s  fo r e n g in e e r in g  s tu d e n ts  a n d  p ro fesso rs .
W ard  L a b o ra to ry  o f  N u c le a r E n g in e e rin g  h o u se s  s p e ­
c ia l e q u ip m e n t in c lu d in g  TR IG A  a n d  lo w -p o w e r re a c ­
tors , a g a m m a  irra d ia tio n  ce ll, and  a  lo w -e n e rg y  ion 
a cce le ra to r.
M ore  d e ta ile d  d e s c r ip tio n s  of fa c ilit ie s  fo r  e a c h  o f the  
in s tru c tio n a l a re a s  in th e  C o lle g e  m a y  b e  fo u n d  w ith in  
th e  s e c tio n  A re a s  o f Ins truc tion .
Library Resources
The E n g in e e rin g  L ibra ry, in C a rp e n te r  Hall, co n ta in s  
a p p ro x im a te ly  150 ,000  b o o ks  an d  p e r io d ic a ls , a  c o l­
le c tio n  w h ich  re fle c ts  the  n e e d s  of th e  m a n y  sch o o ls  
a n d  d e p a rtm e n ts  o f th e  C o lle g e  o f E n g ine e ring . 
A m o n g  th e  s p e c ia liz e d  h o ld in g s  o f th e  E n g in e e rin g  
L ib ra ry  a re  a fu ll d e p o s ito ry  c o lle c tio n  o f th e  U n ited  
S ta tes  A to m ic  E n e rg y  C o m m iss io n  a n d  a su b s c r ip tio n  
c o lle c t io n  of th e  R and  C o rp o ra tio n  p u b lic a tio n s  (e s ­
ta b lis h e d  in 1953). For p a te n t re se a rch , th e  lib ra ry  
m a in ta in s  sets o f th e  O ffic ia l P a tent G a ze tte  o f the  
U n ite d  S ta tes  P a ten t O ffice  an d  th e  C a n a d ia n  Patent 
O ffice  R e co rd  (p a te n t a b s tra c ts ).
A llie d  a n d  su p p o rtin g  lite ra tu re  in th e  b a s ic  sc ie n c e s  
is  a va ila b le  in th e  E d na  M cC o n n e ll C la rk  L ib ra ry  
(p h ys ica l s c ie n c e s ) in C la rk  H a ll a n d  in th e  M a th ­
e m a tics  L ib ra ry  in W h ite  Hall. The m a jo r c o lle c tio n  in 
the  b io lo g ic a l s c ie n c e s  is  fo u n d  in the  A lb e r t  R. M ann  
L ibra ry, an d  th a t fo r  th e  g e o lo g ic a l s c ie n c e s  in the  
John  M. O lin  L ibra ry. T he  to ta l lib ra ry  re s o u rc e s  o f the  
U n ive rs ity  in c lu d e  m o re  th a n  four m illio n  vo lum e s.
A cadem ic Program s
Bachelor of Science Degree
The u n d e rg ra d u a te  d e g re e  o f B a ch e lo r o f S c ie n c e  is 
g ra n te d  b y  th e  C o lle g e  o f E n g in e e rin g  u p o n  th e  s u c ­
c e ss fu l c o m p le tio n  o f a fo u r-ye a r c o u rs e  o f study, 
w h ich  in c lu d e s  fo rty  c o u rs e s  w ith  at le as t 126 c re d its . 
S tu d e n ts  o b ta in  th is  d e g re e  b y  s p e n d in g  tw o  y e a rs  in 
th e  D iv is ion  o f B a s ic  S tu d ie s  p re p a r in g  fo r  e n try  in to  
o n e  o f se ve n  u p p e rc la s s  F ie ld  P ro g ra m s  o r a C o lle g e  
P rog ram ,  in w h ich  th e y  w ill s p e n d  tw o  a d d it io n a l 
ye a rs  c o m p le tin g  th e  re q u ire m e n ts  fo r the  u n d e r­
g ra d u a te  deg ree . (A n  e x c e p tio n  is  th e  p ro g ra m  in a g ­
r icu ltu ra l e n g in e e r in g , w h ic h  is  a d m in is te re d  jo in tly  by  
th e  C o lle g e  o f E n g in e e rin g  an d  th e  C o lle g e  o f A g ­
r icu ltu re  and  L ife  S c ie n ce s . S tu d e n ts  a re  e n ro lle d  in 
th e  C o lle g e  of A g ric u ltu re  an d  Life  S c ie n c e s  fo r the  
firs t th re e  years, an d  in th e  C o lle g e  o f E n g in e e rin g  fo r 
th e  fo u rth  year.)
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U n d e rg ra d u a te  E n g in eerin g  C u rricu la
The u n d e rc la s s  cu rricu lu m  in th e  B a s ic  S tu d ie s  p ro ­
g ra m  co n s is ts  o f five co u rse s , e a ch  of fo u r sem este rs ; 
th e  tw e n ty  c o u rs e s  a re  d is tr ib u te d  as  fo llow s:
C red its
Tw o in tro d u c to ry  e n g in e e r in g  c o u rs e s  6
Four m a th e m a tics  c o u rs e s  15
Th ree  p h y s ic s  c o u rs e s  12
O ne  ch e m is try  c o u rse  3
T w o  na tu ra l s c ie n c e  o r soc ia l
sc ie n c e  e le c tiv e  c o u rs e s  6
Four e n g in e e rin g  c o re  sc ie n ce  
e le c tive  c o u rs e s  12
Four lib e ra l s tu d ie s  e le c tiv e  co u rse s  12
A fte r co m p le tin g  th e  B a s ic  S tu d ie s  p ro g ra m , the  e n ­
g in e e rin g  s tu d e n t en te rs  th e  F ie ld  P rog ram  o f his o r 
he r ch o ice , o r th e  C o lle g e  P rog ram . T he  u p p e rc la s s  
F ie ld  P rog ram s in c lu d e  th e  fo llo w in g  tw e n ty  cou rses :
C re d its
Four libe ra l s tu d ie s  e le c tive  
c o u rse s , tw o  of w h ich  m ust be  
a t an u p p e r d iv is io n  level
(300  o r 4 0 0  leve l co u rse s ) 12
Tw o fre e  e le c tiv e  c o u rs e s  6
Tw o te c h n ic a l e le c tive  c o u rs e s  6
Tw e lve  f ie ld -d e s ig n a te d  c o u rs e s  36
U p p e rc la s s  s tu d e n ts  in th e  C o lle g e  P rog ram  h ave  
sim ila r req u ire m e n ts .
F ie ld  P rog ram s a va ila b le  fo r the  ju n io r- a n d  sen io r- 
yea r sp e c ia liza tio n  (d e s c r ib e d  in th e  s e c tio n  o f A reas 
o f Ins truc tion ) are  o ffe re d  in se ve n  areas:
C h e m ica l E n g in e e rin g  
C iv il a n d  E n v iro n m e n ta l E n g in e e rin g  
E le c tric a l E n g in e e rin g  
E n g in e e rin g  P h ys ics
In d u s tria l E n g in e e rin g  a n d  O p e ra tio n s  R e sea rch  
M ate ria ls  S c ie n ce  a n d  E n g in e e rin g  
M e c h a n ic a l E n g in e e rin g
The C o lle g e  P rog ram  (se e  p. 38) is a fle x ib le  an d  in ­
d iv id u a lly  s tru c tu re d  c u rric u lu m  w h ich  is o ffe re d  to 
a c c o m m o d a te  e d u c a tio n a l o b je c tiv e s  no t se rved  by 
o n e  o f th e  F ie ld  P rog ram s. B io e n g in e e rin g -o rie n te d  
c u rr ic u la  a re  a va ila b le  in m os t F ie ld P rog ram s an d  in 
the  C o lle g e  P rog ram  to  a c c o m m o d a te  th e  in te res ts  of 
s tu d e n ts  w ho  p la n  to  a p p ly  th e ir  e n g in e e rin g  sk ills  in 
b io lo g ic a l areas.
E ach  u n d e rg ra d u a te  s tu d e n t has the  o p p o rtu n ity  to  
se le c t num erous  e le c tive  co u rse s . Free e le c tive s  m ay 
be  ch o se n  from  the  o ffe r in g s  o f any  d iv is io n  o f th e  
U n iversity. S u itab le  na tu ra l s c ie n c e  e le c tive s , soc ia l 
s c ie n c e  e le c tive s , e n g in e e r in g  c o re  s c ie n c e  e le c ­
tives , and  libe ra l e le c tive s  are  p re s c r ib e d  by  th e  C o re  
C u rr icu lu m  C o m m itte e  o f th e  facu lty . S u ita b le  te c h n i­
ca l e le c tive s  a re  p re s c r ib e d  by  th e  fa c u lt ie s  of each  
u p p e rc la s s  fie ld . For in fo rm a tion  on  p a rticu la r 
c o u rs e s  of in te res t, s tu d e n ts  a n d  th e ir  ad v ise rs  c o n ­
su lt o the r A n n o u n ce m e n ts , m ost fre q u e n tly  th o se  of 
th e  C o lle g e  of A rts  and  S c ie n ce s , th e  C o lle g e  of A g ­
r icu ltu re  and  Life S c ie n ce s , th e  S ch oo l o f Indus tria l 
a n d  La b o r R e lations, an d  th e  C o lle g e  o f H um an E co l­
ogy. A  lis ting  of s u b je c ts  o f s tu d y  o ffe re d  in th e  va ri­
ous  un its  o f th e  Un iversity, an d  th e  sch o o ls  o r c o l­
le g e s  tha t o ffe r them , is g ive n  in th e  A n n o u n c e m e n t o f 
G e n e ra l In fo rm a tion .
T h e  E n g in eerin g  C o o p e ra tiv e  P rog ram
The b a s ic  p re m ise  o f th e  E n g in e e rin g  C o o p e ra tive  
P rog ram  a t C o rne ll is tha t in d u s try  can  p la y  a m a jo r 
ro le  in a s tu d e n t ’s e d u c a tio n  by  p ro v id in g  w o rk  as­
s ig n m e n ts  a p p ro p ria te  to  his or her in te re s ts  and  
tra in in g . U n d e r th is  P rogram  u n d e rg ra d u a te  en g in e e r­
ing s tu d e n ts  can  o b ta in  a lm o s t a fu ll y e a r o f p ro fe s ­
s io na l e x p e rie n c e  w ith o u t e x te n d in g  the  d a te  o f th e ir  
g ra d u a tio n . M ore  than  6 0 0  C o rn e ll e n g in e e rs  have 
p a rtic ip a te d  in th is  P rog ram  s in ce  its in ce p tio n  in 
1947.
S tu d e n ts  e n ro lle d  in th e  P rog ram  s p e n d  a lte rn a tin g  
p e r io d s  in c o lle g e  an d  in in d u s try  a fte r th e  s o p h o ­
m ore  year. B y  u tiliz in g  th e  th re e  su m m e rs  th a t fo llow  
co m p le tio n  o f th e  s o p h o m o re  year, th re e  w o rk  
p e rio d s , to ta lin g  nea rly  a c a le n d a r year, a re  p ro v id e d . 
O n  th e  fo llo w in g  s c h e d u le  th e y  a re  d e s ig n a te d  I, II, 
and  III, respective ly .
F ifth Term  C o urse s  
Indus try  I
S ix th  Term C o u rse s  
In d u s try  II
S even th  Term  C o u rse s  
E igh th  Term C o u rse s
S u m m er 
Fall (Ju n io r Year)
S p rin g  (Ju n io r Year)
S u m m er
Fall (S en io r Year)
S p rin g  (S en io r Year)
B a ch e lo r o f S c ie n ce  
D e g re e
S u m m e r In d u s try  III
By the  en d  o f the  sum m e r fo llo w in g  g ra d u a tio n , the  
s tu d e n t is re a d y  to  a c c e p t a p ro fe ss io n a l p o s itio n  or 
b e g in  g ra d u a te  w o rk . G ra d u a te  s tu d y  le a d in g  to  the  
M aste r o f E n g in e e rin g  d e g re e , fo r e xa m p le , can  
b e g in  in th e  fa ll te rm .
W h ile  on  a  w o rk  a s s ig n m e n t, th e  s tu d e n t ea rn s  a 
su b s ta n tia l sa la ry  an d  g a in s  in d u s tria l e x p e rie n c e  tha t 
co m p le m e n ts  c la ss ro o m  kn o w le d g e  and  fa c ilita te s  
th e  tra n s itio n  from  c o lle g e  to  industry . B e ca u se  the  
P rog ram  e m p h a s iz e s  th e  d e v e lo p m e n t o f th e  in d i­
v id u a l a n d  his o r her a b ilities , th e  s tu d e n t w o rks  fo r 
o n ly  o n e  o rg a n iza tio n  du rin g  th e  th re e  in d u s try  
p e rio d s . H ow ever, ne ith e r th e  s tu d e n t no r th e  o rg a n i­
za tion  is o b lig a te d  in any  w a y  a fte r co m p le tio n  of th e  
P rogram . H a v ing  p a rt ic ip a te d  in th e  P rogram , 
g ra d u a te s  ca n  e x p e c t th e ir  in itia l leve l o f re s p o n s ib il­
ity an d  sa la ry  to  b e  g re a te r than  th e y  m ig h t o the rw ise  
rece ive .
O rg a n iza tio n s  p a rt ic ip a tin g  in the  E n g ine e ring  
C o o p e ra tive  P rog ram  in c lu d e  the  fo llo w in g ; A m e rica n  
E le c tric  P ow er S e rv ice  C o rp o ra tio n ; AV C O  Evere tt 
R e sea rch  Labora to ry , Inc.; The B a d g e r C om pany,
Inc.; B o va y  E n g ine e rs , Inc.; C h evro n  R e sea rch  C o m ­
pany; C h ic a g o  B r id g e  &  Iron C o m pa ny ; C h ic a g o  
P n e u m a tic  Tool C o m pa ny ; C o rn in g  G lass  W orks; The  
D o w  C h e m ica l C o m pa ny ; T he  D uP ont C o m pa ny; 
E astm an K o d a k  C o m p a n y ; Ea ton C o rp o ra tio n ; E m er­
son  E le c tric  C o m pa ny ; Exxon C o rp o ra tio n ; Foster 
W h e e le r C o rp o ra tio n ; G enera l E le c tric  C o m p a n y  
(E le c tro n ics  Labora to ry, G as Turb ine  P ro d u c ts  D iv i­
sion, G en e ra to r D iv is ion , a n d  T ranspo rta tion  S ys tem s 
B u s iness  D iv is ion ); G ene ra l M o to rs  C o rp o ra tio n  (H a r­
rison  R a d ia to r D iv is ion ); G re e le y  a n d  H ansen; D e­
p a rtm e n t of H ea lth , E d u ca tio n  a n d  W elfa re  (S oc ia l
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S e cu rity  A d m in is tra tio n ); H e w le tt-P a cka rd  C o m p a n y  
(M e d ica l E le c tro n ics  D iv is ion  an d  N ew  Je rse y  D iv i­
s ion); H o w ard , N e ed le s , Tam m en & B e rg e n d o ff; In­
te rn a tiona l B u s iness  M a ch in e s  C o rp o ra tio n ; John son  
& John son ; Jo se p h  S. W ard, Inc.; M o n sa n to  C o m ­
pany; N o rd so n  C o rp o ra tio n ; O lin  C o rp o ra tio n  (C h e m ­
ic a ls  G rou p ); P ittsb u rg h -D e sM o in e s  Steel C o m pa ny ; 
The P roc te r &  G a m b le  C o m p a n y  (E n g in e e rin g  D iv i­
s ion  an d  M a n a g e m e n t S ys tem s D iv is ion ); R aytheon 
C o m p a n y ; S a n d e rs  A sso c ia te s , Inc.; S co tt P a pe r 
C o m pa ny ; SI H a n d lin g  S ys tem s, Inc.; S m ith -C o rona  
L a b o ra to ry ; S truc tu ra l D yn a m ics  R esearch  C o rp o ra ­
t ion ; S u p e rm a rke ts  G e ne ra l C o rp o ra tio n ; Turner C o n ­
s tru c tio n  C o m pa ny ; a n d  X e rox  C o rpo ra tio n .
A d m iss io n  to  th e  P rog ram  is o p e n  to  any  fou rth -te rm  
s tu d e n t w h o  has c h o se n  a  Fie ld P rog ram  in C h em ica l 
E n g ine e ring , C iv il a n d  E n v ironm en ta l E n g ine e ring , 
E le c trica l E n g ine e ring , E n g in e e rin g  P hysics, In d u s ­
tria l E n g ine e ring  a n d  O p e ra tio n s  R esearch , or 
M e ch a n ica l E n g in e e rin g , an d  w h o  m ee ts  the  fo llo w ­
ing  re q u ire m e n ts : (1 ) a  so u n d  s c h o la s tic  p e rfo rm a n ce  
at th e  t im e  o f a d m iss io n  to  the  P rogram ; an d  (2) an 
in v ita tio n  fro m  o n e  o f th e  p a rt ic ip a tin g  o rg a n iz a ­
tio n s  base d  on an  in d iv id u a l review.
Further in fo rm a tion  a b o u t th e  P rog ram  m ay be  o b ­
ta in e d  from  th e  E n g in e e rin g  C o o p e ra tive  P rog ram  O f­
fice , 138 U p so n  Hall.
Prog ram  fo r M in o rity  S tu d e n ts
C o rne ll U n ive rs ity  a d m in is te rs  a va rie ty  o f sp e c ia l o p ­
po rtu n ity  p ro g ra m s  d e s ig n e d  to  p ro v id e  fin a n c ia l a s ­
s is ta n c e  an d  o th e r fo rm s  of a s s is ta n c e  to  (1) m in o rity  
s tu d e n ts  an d  (2) lo w - in c o m e  s tu d e n ts  m ee ting  p ro ­
g ra m  g u id e lin e s . T he  e m p h a s is  o f th e se  sp e c ia l p ro ­
g ra m s  is to  a id  in in c re a s in g  re p re se n ta tio n  o f s tu ­
de n ts  from  m in o rity  g ro u p s  p re s e n t in N ew  York S ta te  
w h o  h is to r ica lly  have  b ee n  u n d e rre p re s e n te d  in 
h ig h e r e d u ca tio n . H ow ever, p a r tic ip a tio n  is a lso  a va il­
a b le  to  th o se  re s id in g  o u ts id e  N e w  York S tate. For d e ­
ta ils , p ro s p e c tiv e  s tu d e n ts  sh o u ld  co n su lt th e  G u ide  
fo r  C a n d id a te s  w h ic h  a c c o m p a n ie s  e a c h  u n d e r­
g ra d u a te  a p p lic a tio n  o r w ill be  sen t upon  re q u e s t by  
th e  O ffic e  of A d m iss io n s , 4 1 0  T hu rs ton  A ve nue , 
Ithaca , N ew  York 14853.
O f th e  a p p ro x im a te ly  2 ,2 0 0  C o lle g e  o f E n g ine e ring  
u n d e rg ra d u a te s , a b o u t 155 a re  cu rre n tly  e n ro lle d  in 
th e  P rog ram  fo r M in o rity  S tuden ts , an d  e ffo rts  are  
b e in g  m a d e  to  in c re a se  th e  p ro p o rtio n . B e ca u se  
m in o rity  s tu d e n ts  o fte n  have  d e f ic ie n c ie s  in p re p a ra ­
to ry  w o rk  an d  o the r b a c k g ro u n d  h a n d ic a p s , th e  C o l­
le ge  o ffe rs  sp e c ia l p ro g ra m s  to  h e lp  th e m  s u c c e e d  in 
th e ir  s tu d ie s  an d  p re p a re  fo r p ro fe ss io n a l ca ree rs .
A m o n g  a va ila b le  s u p p o rt se rv ic e s  is an  o rien ta tio n  
p ro g ra m , o ffe red  d u r in g  th e  su m m e r b e fo re  fresh m an  
m a tr icu la tio n , w h ich  is  d e s ig n e d  to  s tre n g th e n  sk ills  in 
m a th e m a tics  an d  sc ie nce . D u ring  th e  re g u la r 
a c a d e m ic  year, sp e c ia l a d v is in g  a n d  c o u n s e lin g  se rv ­
ice s  a re  o ffe red  in co o rd in a tio n  w ith  th e  U n ive rs ity 's  
C o m m itte e  fo r S p e c ia l E d uca tio n a l P rogram s 
(CO SEP). Tutoring  an d  o th e r a s s is ta n c e  is  a va ila b le  
as  m ay b e  n e e d e d  on an  in d iv id u a l basis.
In a d d itio n , tw o  p ro g ra m s  a re  o ffe red  to  h e lp  o rien t 
th e  s tu d e n ts  to  e n g in e e r in g  as  a p ro fe ss io n . O ne
b r in g s  p ra c tic in g  m in o rity -g ro u p  e n g in e e rs  to  the  
c a m p u s  in a s p e c ia l se ries  o f le c tu re s  a n d  d is c u s ­
sions, and  th e  o the r p ro v id e s  s o p h o m o re s  w ith  the  
o p p o rtu n ity  to  p a rt ic ip a te  in o n -th e -jo b  in d u s tria l ex­
p e r ie n c e  fo r a short p e r io d  of t im e  be tw e e n  a c a d e m ic  
te rm s.
A d m iss io n  o f m in o r ity -g ro u p  s tu d e n ts , as  o f all 
a p p lic a n ts , is c o n s id e re d  p a rtly  on th e  b a s is  of 
a c a d e m ic  p e rfo rm a n c e  in h igh  schoo l a n d  o f sco re s  
on  c o lle g e  e n tra n ce  e xa m in a tio n s  and  a ch ie ve m e n t 
te s ts . Test sco re s  a re  a n a lyze d  in te rm s  o f th e  a p p li­
c a n t's  e nv iro nm e n ta l b a c k g ro u n d . S u b je c tive  in fo rm a ­
tion  from  C o rne ll a lum n i, s ch o o l g u id a n c e  co u n se lo rs , 
c o m m u n ity  a g e n c y  p e rso n n e l, an d  o th e r c o n c e rn e d  
in d iv id u a ls  is  a lso  co n s id e re d .
S u b s ta n tia l f in a n c ia l a ss is tan ce , in th e  fo rm  o f s c h o l­
a rs h ip s  an d  loans, is a va ila b le  to  m in o rity  s tu d e n ts  
(se e  p. 17).
S tu d y  in F rance: an E x c h a n g e  P rog ram
Ju n io r e n g in e e r in g  s tu d e n ts  a re  e lig ib le  to  p a rt ic ip a te  
in a s tu d e n t e xch a n g e  p ro g ra m  th a t th e  C o lle g e  o f 
E n g ine e ring  o p e ra te s  w ith  severa l e n g in e e rin g  
s ch o o ls  in France.
C o lle c tive ly , these  s c h o o ls  e sse n tia lly  c o v e r th e  s u b ­
je c ts  a v a ila b le  at C o rne ll, so  th a t any  C o rn e ll e n ­
g in e e r in g  s tuden t, re g a rd le s s  o f th e  F ie ld  P rog ram  or 
C o lle g e  P rog ram  he  w is h e s  to  pursue , ca n  p la n  a 
su ita b le  c u rr ic u lu m  to  in c lu d e  th e  ju n io r ye a r a b ro a d . 
T he  o n ly  lim ita tion  is th e  n u m b e r o f p la c e s  a va ilab le : 
on ly  a  fe w  C o rne ll s tu d e n ts  ca n  b e  p la c e d  e a ch  year 
in any  on e  o f th e  F rench  sch o o ls . A p p lic a tio n  sh o u ld  
be  m a d e  d u r in g  th e  s o p h o m o re  year.
The p ro g ra m  w a s  b e g u n  a  n u m b e r of ye a rs  a g o  w ith  
th e  E co le  N a tiona le  S u p e rie u re  d e  M e c h a n iq u e  et 
d ’A e ro te c h n iq u e  in P o itie rs  (a b o u t 150 m iles  s o u th ­
w e s t o f Paris). This is a sm a ll s ch o o l o f a b o u t 170 
stu d e n ts , c lo s e ly  a sso c ia te d  w ith  a la rg e  u n ive rs ity  in 
P o itie rs  an d  a lso  p a rt o f th e  na tiona l sys tem  o f e n ­
g in e e r in g  schoo ls , the  E co le  N a tio n a le  S u p e rie re  
d 'ln g e n ie u rs  (ENSI). M ore  recently , the  e x c h a n g e  has 
been  e x te n d e d  to  the  Ins titu t P o ly te ch n iq u e  d e  G re ­
nob le , a g ro u p  of five  ENSI sch o o ls  in G renob le .
B e ca u se  th e  C o rn e ll e xch a n g e  s tu d e n ts  live in sm all 
g ro u p s  a m o n g  F rench  s tu d e n ts  a n d  take  th e ir  in s tru c ­
tio n  e n tire ly  in F rench , fa c il ity  in th e  la n g u a g e  is e s ­
sen tia l. S om e o f th e  C o rne ll p a r t ic ip a n ts  h ave  spen t 
o n e  o r tw o  m on ths  d u rin g  th e  p re c e d in g  sum m e r a t a 
la n g u a g e  schoo l in France.
Further in fo rm a tion  a b o u t the  p ro g ra m  m ay b e  o b ­
ta in e d  th ro u g h  th e  E n g in e e rin g  A d v is in g  a n d  C o u n ­
se lin g  Center, 170 O lin  Hall.
D u al U n d e rg ra d u a te  D e g ree  O p tio n
It is  p o s s ib le  to  have  dua l re g is tra tio n  in the  C o lle g e  
of E n g in e e rin g  an d  th e  C o lle g e  o f A rts  and  S c ie n ce s  
an d  to  ea rn  bo th  a  B a ch e lo r of S c ie n c e  d e g re e  in the 
C o lle g e  o f E n g in e e rin g  a n d  a  B a c h e lo r  o f A rts  d e g re e  
in th e  C o lle g e  of A rts  a n d  S c ie n c e s  in five years . A 
s tu d e n t w h o  w ish e s  to  fo llo w  th is  p la n  m ay re g is te r  in 
e ithe r c o lle g e  as  a fre sh m a n  an d  take  th e  usua l 
fre sh m a n  c u rric u lu m  p re s c r ib e d  by  tha t co lle g e . S tu ­
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de n ts  sh o u ld  e x p lo re  th e  dua l d e g re e  re q u ire m e n ts  
d u r in g  th e  first o r s e c o n d  yea r so  th a t th e y  w ill b e  
a b le  to  p lan  th e ir  c u rr ic u lu m  an d  e m b a rk  on th e  dua l 
p ro g ra m  d u r in g  th e  s e co n d  o r th ird  year.
A  s tu d e n t in th e  p ro g ra m  is  re g is te re d  in b o th  c o l­
leges, has fa c u lty  a d v is e rs  from  bo th  c o lle g e s , and  
ta ke s  a c o u rs e  p ro g ra m  a rra n g e d  jo in tly  b y  bo th  a d ­
v ise rs . The  d e g re e  re q u ire m e n ts  o f b o th  c o lle g e s  —  
s u ch  a s  th e  c o re  c o u rs e s  a n d  u p p e rc la s s  fie ld  re ­
q u ire m e n ts  in th e  C o lle g e  o f E n g in e e rin g  an d  th e  d is ­
tr ib u tio n  an d  la n g u a g e  re q u ire m e n ts  in th e  C o lle g e  o f 
A rts  a n d  S c ie n c e s — m ust b e  sa tis fied . G enerally, an 
e n g in e e rin g  F ie ld  P rog ram  o r the  e n g in e e rin g  C o lle g e  
P rog ram  c a n  b e  c o m b in e d  w ith  any  m a jo r in a rts  a n d  
sc ie n ce s . Dual m a jo rs  th a t a re  c lo s e ly  re la te d  requ ire  
sp e c ia l p la n n in g .
T h e  p ro g ra m  is in te n d e d  fo r s u p e rio r  s tu d e n ts . Tho se  
re q u e s tin g  dua l re g is tra tio n  m us t h ave  a cu m u la tive  
a v e ra g e  o f a t least 2 .7  on  a d m iss io n  to  th e  dua l p ro ­
g ra m  a n d  m ust m a in ta in  it.
E n g in e e rin g  s tu d e n ts  w h o  a re  in te re s te d  in th e  dua l 
d e g re e  p ro g ra m  sh o u ld  c o n ta c t A s s o c ia te  D ean  M.
S. B urton, 170 O lin  Hall.
R O TC  (O ffice r E d u ca tio n )
As a la n d -g ra n t in s titu tio n  c h a rte re d  u n d e r the  M orrill 
A c t o f 1862, C o rne ll has o ffe red  in s tru c tio n  in m ilita ry  
s c ie n c e  fo r  m ore  than  on e  h u n d re d  yea rs . The U n i­
ve rs ity  p ro v id e s  th is  in s tru c tio n  th ro u g h  th e  R eserve 
O ffice rs  T ra in ing  C o rp s  p ro g ra m s  o f th e  th re e  m ilita ry  
d e p a rtm e n ts : th e  A rm y  the  Navy, a n d  th e  A ir Force.
The R O TC  p ro g ra m s  o ffe r s tu d e n ts  th e  o p p o rtu n ity  to  
ea rn  co m m is s io n s  w h ile  c o m p le tin g  th e ir  e d u ca tio n . 
To o b ta in  a  co m m is s io n  in on e  o f th e  a rm e d  se rv ices , 
a  s tu d e n t m ust c o m p le te  a  tw o-year, th ree-year, o r 
fo u r-ye a r c o u rse  o f s tu d y  in an R O TC  p ro g ra m  an d  
m ust m eet c e rta in  p h y s ic a l s ta n d a rd s . U p on  g ra d u a ­
tion , th e  s tu d e n t re c e iv e s  a  co m m is s io n  a n d  se rve s  a 
to u r of a c tiv e  m ilita ry  serv ice .
F urthe r in fo rm a tion  is p ro v id e d  in th e  A n n o u n ce m e n t 
o f  O ffice r E d u c a tio n ,  w h ich  m ay b e  o b ta in e d  b y  w rit­
in g  to  C o rne ll U n ive rs ity  A n n o u n ce m e n ts , D ay Hall. 
In te re s te d  in d iv id u a ls  a re  a lso  d ire c te d  to  the  a p p ro ­
p ria te  RO TC o ffice  in  B a rton  Hall.
P rep ara tio n  for G ra d u ate  S tudy
The B a ch e lo r o f S c ie n c e  d e g re e  m a y  b e  th e  te rm in a l 
p o in t in the  fo rm a l e d u c a tio n  of s o m e  s tu d e n ts ; h o w ­
ever, m ost c o n tin u e  th e ir  s tu d ie s  b e y o n d  th is  level.
M any g ra d u a te s  ch o o se  to  c o n tin u e  w o rk  in th e ir  un ­
d e rg ra d u a te  fie ld  o f sp e c ia liza tio n , an d  a p p ly  fo r a d ­
m iss ion  to  th e  C o lle g e 's  o n e -ye a r p ro fe ss io n a l M aste r 
o f E n g in e e rin g  d e g re e  p ro g ra m . O th e rs  a p p ly  fo r 
p ro g ra m s  le a d in g  to  th e  d e g re e s  of M aste r o f S c i­
e n c e  o r D o c to r o f P h ilo so p h y  in e n g in e e r in g  or 
a p p lie d  s c ie n c e  d is c ip lin e s . T h e se  g ra d u a te  d e g re e  
p ro g ra m s  a t C o rne ll a re  d e s c r ib e d  b rie fly  below .
S o m e b a c c a la u re a te  g ra d u a te s  o f th e  C o lle g e  o f En­
g in e e rin g  u n d e rta ke  g ra d u a te  o r p ro fe ss io n a l s tu d y  in 
n o n -e n g in e e rin g  a re a s  su ch  as e d u c a tio n , law, b u s i­
ness, p u b lic  a d m in is tra tio n , c ity  a n d  re g io na l p la n ­
n ing , m ed ic ine , and  va r io u s  b ra n c h e s  o f s c ie n c e  and  
m a th em a tics .
Summary of Programs and Options in 
Cornell Engineering Education
* C o n su lt th e  A n n o u n c e m e n t o f  the  G ra d u a te  S ch o o l 
fo r de ta ile d  requ irem en ts  fo r th e  M.S. and  Ph.D . d e ­
g ree  p ro g ra m s
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Master of Engineering Degree
G ra d u a te s  in te n d in g  to  p re p a re  fo r p ro fe ss io n a l e n ­
g in e e r in g  c a re e rs  g e n e ra lly  seek th e  p ro fe ss io n a l 
d e g re e  of M aste r of E n g ine e ring  (w ith  fie ld  d e s ig n a ­
tion ). A t C o rne ll th is  on e -ye a r p ro g ra m  is in te g ra te d  
w ith  th e  u n d e rg ra d u a te  e n g in e e r in g  p rog ram ; a fte r 
re ce iv in g  th e ir  b a c c a la u re a te  d e g re e s , m any  s tu ­
d e n ts  a p p ly  to  c o n tin u e  fo r th e  fifth  year. A p p lic a tio n s  
from  e n g in e e rin g  and  a p p lie d  s c ie n c e  g ra d u a te s  of 
o the r in s titu tio ns  a lso  a re  e n c o u ra g e d . A d m iss io n  re ­
q u ire m e n ts  a re  d e s c r ib e d  below.
U p o n  c o m p le tio n  o f th e  p ro g ra m , s tu d e n ts  ca n  e ithe r 
a c c e p t e m p lo ym e n t in e n g in e e rin g  o r a p p lie d  s c i­
e n c e  o r e le c t to  a p p ly  fo r fu rthe r g ra d u a te  tra in in g  in 
a n  a p p ro p ria te  Ph.D . p rog ram .
The  d e g re e  m ay be  taken  in any  o f th e se  areas:
A e ro s p a c e  E n g in e e rin g  (see  p. 56)
A g ric u ltu ra l E n g in e e rin g  (se e  p. 28)
C h e m ica l E n g in e e rin g  (se e  p. 34)
C iv il E n g in e e rin g  (se e  p. 36)
E le c trica l E n g in e e rin g  (see  p. 46)
E n g in e e rin g  M e c h a n ic s  (se e  p. 64)
E n g in e e rin g  P h ys ics  (see  p. 31)
In d u s tria l E n g in e e rin g  (se e  p. 51)
M ate ria ls  E n g in e e rin g  (se e  p. 54)
M e c h a n ic a l E n g in e e rin g  (se e  p. 60)
N u c le a r E n g in e e rin g  (see  p. 61)
The  p ro fe ss io n a l d e g re e  re q u ire s  a m in im um  o f th irty  
c re d it hou rs  of g ra d u a te -le ve l w o rk  in th e  p r in c ip le s  
an d  p ra c tic e s  of th e  sp e c ific  fie ld . It d o e s  not re q u ire  
th e  p re se n ta tio n  o f a thes is . It doe s , how ever, re q u ire  
c o m p le tio n  of an  e n g in e e rin g  d e s ig n  p ro je c t th a t m ay 
be w o rke d  on  in d iv id u a lly  o r in g ro u p s  o f u p  to  four 
s tuden ts , a n d  su b m iss io n  of a fo rm a l re p o rt on  the 
p ro je c t. The p ro g ra m  a lso  re q u ire s  c o m p le tio n  o f a 
c u rric u lu m  o f re la te d  te c h n ic a l co u rse s , d iffe r in g  in 
co n te n t am o n g  th e  severa l p ro fe ss io n a l fie lds. E ach  
c u rric u lu m  in c lu d e s  som e  p re s c r ib e d  an d  som e  e le c ­
tive  co u rse s , w ith  c o n s id e ra b le  fle x ib ility  to  p e rm it 
a d a p ta tio n  to  th e  s p e c ia l n e e d s  o f th e  in d iv id u a l s tu ­
den t. Th is  p ro g ra m  is g e n e ra lly  c o m p le te d  in one  
a c a d e m ic  year, b u t c a n  b e  e x te n d e d  u po n  re q u e s t to  
in c lu d e  the  fo llo w in g  sum m e r te rm ; in tha t case , a 
S e p te m b e r d e g re e  is  co n fe rre d .
A d m iss io n
A s tu d e n t w ith  a b a c c a la u re a te  d e g re e  from  an 
a c c re d ite d  e n g in e e rin g  p ro g ra m  or its e q u iva le n t, in 
an a rea  o f e n g in e e rin g  o r s c ie n c e  th a t is  d e e m e d  a p ­
p ro p ria te  fo r th e  p ro p o s e d  fie ld  of study, m a y  b e co m e  
a c a n d id a te  fo r the  p ro fe ss io n a l d e g re e  of M a s te r of 
E n g in e e rin g  (w ith  fie ld  d e s ig n a tio n ). C o rne ll 
g ra d u a te s  w ill g e n e ra lly  be  a d m itte d  if th e y  have  
cu m u la tive  g ra d e -p o in t a ve ra g e s  o f a t le as t 2.5 
a n d /o r if th e y  have  d e m o n s tra te d  b y  th e ir  p e rfo rm ­
a n ce s  in the ir m a jo r f ie lds  th a t th e y  have  th e  a b ility  to  
b e  su cce ss fu l in g ra d u a te  study. A p e titio n  is re q u ire d  
if  th e  g ra d e -p o in t a v e ra g e  is b e lo w  2 .5. G ra d u a te s  of 
sch o o ls  o the r th a n  C o rne ll m ust p ro v id e  e v id e n c e  o f 
u n d e rg ra d u a te  p re p a ra tio n  e q u iva le n t to  tha t p ro ­
v id e d  by  a C o rne ll u n d e rg ra d u a te  e n g in e e rin g  d e ­
g ree : a tra n sc rip t, tw o  le tte rs  of re co m m e n d a tio n , and  
a  s ta tem en t of a c a d e m ic  p u rpose . A  c a n d id a te  w ho
is  a d m itte d  w ith  an u n d e rg ra d u a te  b a c k g ro u n d  th a t is 
ju d g e d  in a d e q u a te  m ust m ake  up  th e  d e fic ie n c ie s  in 
a d d it io n  to  fu lfillin g  th e  re g u la r  c o u rs e  re q u ire m e n ts  
fo r  th e  deg ree .
W hile  th e re  is  n o  sp e c ific  d e a d lin e  fo r th e  re c e ip t of 
a p p lic a tio n s , e a rly  su b m iss io n  is re co m m e n d e d , 
e s p e c ia lly  if th e  c a n d id a te  w ish e s  to  a p p ly  fo r f inan ­
c ia l a id . A p p lic a tio n  fo rm s  a re  a va ila b le  th ro u g h  the  
va rio u s  p ro g ra m  ch a irm e n  o r fro m  the  O ffice  of the  
G ra d u a te  P ro fess io na l E n g in e e rin g  P ro g ra m s, 221 
C a rp e n te r Hall.
F in an c ia l A id
A p p lic a n ts  fo r th e  p ro fe ss io n a l d e g re e  p ro g ra m s  w h o  
w ish  to  a p p ly  fo r f in a n c ia l a id  sh o u ld  c o m p le te  a sp e ­
c ia l a p p lic a tio n  fo rm  a v a ila b le  a lo n g  w ith  th e  a d m is ­
s io n  a p p lic a tio n . The d e a d lin e  fo r re g u la r f in a n c ia l a id  
a p p lic a tio n s  is F e b ru a ry  1. T he re  is a lso  a finan c ia l 
a id  e a rly  d e c is io n  p la n  fo r p ro s p e c tiv e  M as te r of En­
g in e e r in g  s tu d e n ts  w h o  a re  e n ro lle d  in u n d e rg ra d u a te  
e n g in e e rin g  p ro g ra m s  a t C o rne ll. The a p p lic a tio n  
d e a d lin e  fo r th is  p la n  is N o v e m b e r 15; the  a w a rd s  a re  
a n n o u n c e d  on  D e c e m b e r 13.
It sh o u ld  b e  no te d  tha t c a n d id a te s  m us t b e  a d m itte d  
in to  th e  p ro g ra m  b e fo re  th e ir  a p p lic a tio n s  fo r finan c ia l 
a id  a re  re v iew ed . For th is  reason , it is  re c o m m e n d e d  
th a t a d m iss io n  a p p lic a tio n s  b e  file d  as  e a rly  as 
poss ib le .
Master of Science and 
Doctor of Philosophy Degrees
The ge n e ra l d e g re e s  of M aste r of S c ie n c e  a n d  D o c to r 
o f P h ilo so p h y  a re  o r ie n te d  to w a rd  s tu d e n ts  se ek ing  
a c a d e m ic  o r re se a rch  ca ree rs . T hey re q u ire  w o rk  in 
bo th  m a jo r a n d  m in o r a re a s  o f study, an d  su b m iss io n  
o f a th e s is  on  re se a rch  c o n d u c te d  u n d e r th e  d ire c tio n  
o f a fa c u lty  m em ber. T he se  p ro g ra m s  a re  a d m in is ­
te re d  b y  th e  G ra d u a te  S choo l, and  p ro s p e c tiv e  
a p p lic a n ts  shou ld  co n su lt the  A n n o u n c e m e n t o f  the  
G ra d u a te  S c h o o l fo r m ore  c o m p le te  in fo rm a tion .
P ro g ra m s of s tu d y  a re  o rg a n iz e d  u n d e r g ra d u a te  
fie lds; in th e  a re a s  of e n g in e e r in g  a n d  a p p lie d  s c i­
ence , these  f ie lds  g e n e ra lly  c o in c id e  w ith  th e  re s p e c ­
tive  s c h o o ls  o r d e p a rtm e n ts  of th e  C o lle g e  o f En­
g in e e rin g . F ie lds  tha t m ay b e  o f in te re s t to  e n g in e e r­
ing s tu d e n ts  a re  lis te d  below , w ith  a s s o c ia te d  a reas 
o f sp e c ia liza tio n .
A e ro s p a c e  E n g in e e rin g : A e ro s p a c e  E n g in e e rin g , 
A e ro d y n a m ic s
A g ric u ltu ra l E n g in eerin g : A g ric u ltu ra l E n g ine e ring , 
A g ric u ltu ra l S truc tu res , A g ric u ltu ra l W aste M a n a g e ­
m ent, E le c tric  P ow er a n d  P ro ce ss in g , P ow er a n d  
M ach inery , Soil an d  W ate r E n g in e e rin g
A p p lied  M a th e m a tic s  
A p p lied  Ph ys ics
C h em ica l E n g in e e rin g : B io ch e m ica l E ng ine e ring , 
C h e m ica l E n g ine e ring  (G en e ra l), C h e m ica l M ic ro ­
scopy, C h e m ica l P rocesse s  an d  P ro ce ss  C ontro l,
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M ate ria ls  E n g in e e rin g , K in e tic s  an d  T ranspo rt 
P rocesse s
C ivil and  E n v iro n m en ta l E n g in eerin g : Aeria l P h o to ­
g ra p h ic  S tud ies , E n v ironm enta l S ys tem s E n g ine e ring , 
G e o d e tic  a n d  P h o to g ra m m e tr ic  E n g ine e ring , 
G e o te ch n ica l E n g ine e ring , H y d ra u lic s  an d  H yd ro logy , 
S a n ita ry  E n g in e e rin g , S truc tu ra l E n g in e e rin g , S tru c ­
tu ra l M e ch a n ics , T ranspo rta tion  E n g in e e rin g , W ater 
R e sou rce  S ys tem s
C o m p u te r S c ien c e : C o m p u te r S c ience , In fo rm a tion  
P rocess ing , N u m e rica l A n a lys is , T h e o ry  o f C o m p u ta ­
tion
E lec trica l E n g in e e rin g : E le c trica l E n g ine e ring , E lec­
tr ica l S ystem s, E le c tro p h ys ics
G eo lo g ic a l S c ien c es : E co n o m ic  G eo lo gy ; E n g in e e r­
ing  G eo lo gy ; E n v ironm en ta l G e o lo g y ; G e o b io lo g y ; 
P a le o n to lo g y  an d  S tra tig ra p h y ; G eochem is try , 
M inera logy, a n d  P e tro lo gy ; G e o m o rp h o lo g y ; 
G e o p h ys ics ; G e o te c to n ic s  a n d  S tru c tu ra l G eo lo gy ; 
M arine  G eo lo gy ; P h ys ica l G e o g ra p h y ; S e ism o lo g y
M ate ria ls  S c ien c e  and  E n g in eerin g : M ate ria ls  S c i­
ence , M a te ria ls  E n g in e e rin g
M ech an ica l E n g in eerin g : M a ch in e  D e s ig n , M ate ria ls  
P rocess ing , The rm a l Power, T he rm a l P rocesse s
N u c le ar S c ien c e  a n d  E n g in eerin g : N u c le a r En­
g in e e rin g , N u c le a r S c ie n ce
O p e ra tio n s  R e search : A p p lie d  P ro b a b ility  and  
S ta tis tics , Indus tria l E n g in e e rin g , In fo rm a tion  
P rocess ing , O p e ra tio n s  R e sea rch , S ys tem s A n a lys is  
an d  D e s ign
T h e o re tic a l and  A p p lied  M ech an ics : Flu id 
M e ch a n ics , M e c h a n ic s  of M ate ria ls , S o lid  M e ch a n ics , 
S p a ce  M e ch a n ics
W ater R eso u rces
F urther in fo rm a tion  o n  th e se  g ra d u a te  fie lds  m a y  be 
fo u n d  in th e  illu s tra te d  A n n o u n ce m e n t, G ra d u a te  
S tu d y  in  E n g in e e rin g  a n d  A p p lie d  S c ie n c e  (see  p. 4), 
w h ic h  in c lu d e s  d e s c r ip tio n s  o f a c a d e m ic  p ro g ra m s , 
p ro fe ss io n a l o p p o rtu n itie s  in th e  fie lds, fa c ilit ie s  a va il­
a b le  at C o rne ll, c u rre n t re se a rch  p ro je c ts , a n d  fa c u lty  
m e m b e rs  a n d  th e ir  re se a rch  in te res ts . P ro sp e c tive  
s tu d e n ts  w h o se  in te re s ts  a re  a lre a d y  w e ll d e fin e d  are  
in v ite d  to  co m m u n ic a te  w ith  the  a p p ro p ria te  g ra d u a te  
fa c u lty  rep resen ta tive .
A d m iss io n
A p p lic a n ts  m ust h o ld  a b a c c a la u re a te  o r e q u iva le n t 
d e g re e  from  a c o lle g e  o r u n ive rs ity  o f re c o g n iz e d  
s ta n d in g . S tu d e n ts  w h o  d o  no t c o m p le te ly  m eet 
e n tra n c e  re q u ire m e n ts  m ay b e  a d m itte d  as  p ro v i­
s iona l c a n d id a te s  o r w ith o u t ca n d id a cy , a c c o rd in g  to 
p re v io u s  p re p a ra tio n , b u t in all c a s e s  th e y  m ust ho ld  
a b a c c a la u re a te  o r e q u iva le n t deg ree .
F in an cia l A id
F inanc ia l a id  to  g ra d u a te  s tu d e n ts  is  a va ila b le  in se v ­
era l fo rm s: fe llo w s h ip s  a n d  s c h o la rs h ip s ; re se a rch  or 
te a c h in g  a ss is ta n tsh ip s ; re s id e n c e  hall ass is tan t- 
sh ip s ; a n d  loans. A p p lic a n ts  w h o  w ish  to  be  c a n d i­
d a te s  fo r  f in a n c ia l a id  sh o u ld  c o n s u lt th e  A n n o u n c e ­
m en t o f  th e  G ra d u a te  S c h o o l a n d  m ake  a p p lic a tio n  to  
th e  d e a n  of th e  G ra d u a te  S choo l.
Continuing Education Activities
The O ffice  o f C o n tin u in g  E d u ca tio n  o f th e  C o lle g e  of 
E n g in e e rin g  p ro v id e s  sp e c ia l p ro g ra m s  fo r  e n g in e e rs  
an d  sc ie n tis ts  in industry , re se a rch  in s titu tes , p riva te  
p ra c tice , g o v e rn m e n ta l a g e n c ie s , a n d  c o lle g e s  and  
un ive rs itie s . T he  p ro g ra m s  in c lu d e  in -p la n t c o u rs e s  
fo r firm s in th e  Ith a ca  area ; sh o rt c o u rs e s  a n d  w o rk ­
s h o p s  in va r io u s  te c h n ic a l s u b je c ts ; a n d  p ro g ra m s  for 
s p e c ific  in dus tries . N o  a c a d e m ic  c re d it  is  g ive n  fo r 
m ost o f th e s e  p ro g ra m s .
T he  re c e n t in s ta lla tio n  o f te le v is io n  e q u ip m e n t in a 
c la s s ro o m  a t the  C o lle g e  has  m a d e  p o s s ib le  a  new  
p ro g ra m  o f o ff-c a m p u s  c o u rs e s  u tiliz in g  v id e o ta p e s  of 
re g u la r  o n -c a m p u s  c la s s e s  an d  le c tu re s . B o th  c re d it 
a n d  n o n c re d it c o u rs e s  a re  ava ilab le .
F u rthe r in fo rm a tio n  a b o u t a n y  o f th e se  p ro g ra m s  m ay 
b e  o b ta in e d  from  th e  O ffice  o f C o n tin u in g  E d u ca tio n , 
C a rp e n te r Hall.
Adm ission
It is  the  p o lic y  o f C o rne ll U n ive rs ity  a c tive ly  to  s u p p o rt 
e q u a lity  o f e d u c a tio n a l o p p o rtu n ity . N o  s tu d e n t sha ll 
be  d e n ie d  a d m iss io n  to  th e  U n ive rs ity  o r b e  d is c r im i­
n a te d  a g a in s t o th e rw ise  b e c a u s e  o f race, color, 
c re e d , re lig ion , na tiona l o r ig in , o r sex.
Freshman Admission
The O ffice  o f E n g in e e rin g  A d m is s io n s  in C a rp e n te r 
H a ll is th e  fo ca l p o in t in th e  C o lle g e  fo r th e  a d m iss io n  
o f fre sh m a n  a n d  tra n s fe r s tu d e n ts  a n d  fo r the  a d ­
m in is tra tio n  of th e  e n g in e e r in g  f in a n c ia l a id  funds .
D e ta ile d  in fo rm a tion  c o n c e rn in g  th e  p ro c e d u re s  of 
u n d e rg ra d u a te  a d m iss io n  is  g ive n  in th e  A n n o u n c e ­
m e n t o f  G e n e ra l In fo rm a tio n  an d  in th e  G u id e  fo r  
C a n d id a te s  ( in c lu d e d  w ith  e a c h  a p p lic a tio n  fo rm ). 
Im p o rta n t d a te s  fo r  a p p lic a n ts  in c lu d e :
A d m iss io n  A p p lic a tio n s  d u e :  R egular, F e b ru a ry  15; 
Early D e c is io n  P lan, N o ve m b e r 1.
A d m iss io n  d e c is io n s  a n n o u n c e d :  R egular, as  d e c i­
s io ns  a re  m a d e  in February, M arch , a n d  th e  firs t ha lf 
o f A p ril; E a rly  D e c is io n  P lan, D e c e m b e r 1 (e x c e p t tha t 
th o se  w h o  a re  c o n s id e re d  on  th e  b a s is  o f N o ve m b e r 
C o lle g e  E n tra n ce  E xa m in a tio n  B o a rd  S c h o la s tic  A p ­
titu d e  Tests w ill b e  no tifie d  b y  m id -D e c e m b e r— the  
sco re s  a re  not re c e iv e d  by  th e  O ffice  o f E n g in e e rin g  
A d m is s io n s  until e a r ly  in D e ce m b e r).
F in a n c ia l a id  a p p lic a tio n s  due : Regular, Ja n u a ry  15; 
E arly D e c is io n  P lan, N o ve m b e r 1.
A d m is s io n  15
F in a n c ia l a id  d e c is io n s  a n n o u n c e d : Regular, by  
m id -A p ril; Early D e c is io n  P lan, D e ce m b e r 1.
D ate b y  w h ich  a p p lic a n t m u s t a d v is e  C o rn e ll o f h is o r 
h e r d e c is io n  (fo r a d m is s io n  a n d  f in a n c ia l a id ):  R e g u ­
lar, M ay  1; E arly D e c is io n  P lan, a p p lic a n ts  w ill be  a d ­
v ise d  o f date.
S e co n d ary  S choo l C red its
Six teen  un its  o f c o lle g e -p re p a ra to ry  s u b je c ts  a re  re ­
q u ire d  fo r a d m iss io n . A  un it is on e  ye a r o f study, 
m a d e  u p  of a p p ro x im a te ly  120 c lo c k  hou rs  o f c la s s ­
room  w ork. The s ix teen  re q u ire d  un its  m ay b e  w id e ly  
d is tr ib u te d , bu t p ro s p e c tiv e  a p p lic a n ts  a re  s tro n g ly  
e n c o u ra g e d  to  c o n c e n tra te  m u ch  of th e ir  s tu d ie s  in 
m a th e m a tics  an d  the  p h y s ic a l sc ie n ce s . The  fo llo w ­
ing  s ix  un its  m us t be  in c lu d e d ; fo u r o f m a th em a tics , 
one o f p hys ics , and  one  o f chem istry . N orm ally, the  
re m a in ing  te n  un its  a re  in E n g lish , fo re ig n  language , 
history, soc ia l s c ie n ce , an d  na tu ra l s c ie n c e  o r life s c i­
ences.
M in im um  a d e q u a te  m a th e m a tics  p re p a ra tio n  is tw o  
ye a rs  of a lg e b ra , one  year o f geom etry , and  o n e  ye a r 
of p re c a lc u lu s  m a th em a tics , s u c h  as a d va n c e d  
a lg e b ra , so lid  geom etry , o r trigonom e try . The 
m a th e m a tics  un its  m ay be  taken  as se p a ra te  co u rse s  
o r m ay b e  in c lu d e d  in fo u r un its  o f c o m p re h e n s iv e  
c o lle g e -p re p a ra to ry  m a th em a tics .
P ro sp e c tive  s tu d e n ts  w ho  a re  in te res ted  in b io e n ­
g in e e r in g  a re  a d v is e d  s tro n g ly  to  co m p le te  at le as t 
on e  un it o f b io logy.
A p p lic a n ts  w ith  sp e c ia l o r unusua l p re p a ra tio n  w h ich  
m a y  no t m eet the  a b o ve  sp e c ific a tio n s  a re  u rg e d  to  
co m m u n ica te  w ith  th e  d ire c to r  of e n g in e e rin g  a d m is ­
s ions, 221 C a rp e n te r Hall.
C o lle g e  E n tra n c e  E x a m in a tio n s
Each c a n d id a te  is re q u ire d  to  take  s ta n d a rd iz e d  c o l­
le ge  a d m iss io n s  te s ts  so  th a t sco re s  ca n  b e  c o n s id ­
e re d  b y  the  E n g in e e rin g  A d m iss io n s  C om m ittee .
T h e re  a re  tw o  a va ila b le  a lte rna tive s .
O ne  a lte rn a tive  is  fo r  the  s tu d e n t to  take  the  C o lle g e  
E n trance  E xa m ina tion  B o a rd  S ch o la s tic  A p titu d e  Test 
(SAT), a n d  in a d d it io n  the  A c h ie v e m e n t Tests in 
m a th e m a tics  (Leve l I o r Leve l II) an d  in ch e m is try  o r 
phys ics . T he se  m u s t  b e  taken  not la te r than  Ja n u a ry  
o f th e  last year in s e c o n d a ry  schoo l. G enerally, it is 
re co m m e n d e d  th a t the  A c h ie v e m e n t Test in s c ie n c e  
be  taken  in M ay o f th e  ju n io r  year, in tha t s c ie n c e  in 
w h ich  th e  a p p lic a n t is then  e n ro lle d . H owever, the  
E n g ine e ring  A d m iss io n s  C o m m itte e  w ill c o n s id e r  a 
s c ie n c e  A ch ie ve m e n t Test tha t is taken  in D e c e m b e r 
o r Ja n u a ry  o f th e  sen io r year fo r a c o u rs e  c o m p le te d  
in the  ju n io r year, o r earlier, o r fo r a c o u rse  cu rre n tly  in 
p ro g re ss . L inde r these  c irc u m s ta n c e s , tes t re su lts  are  
not e x p e c te d  to  b e  as  h igh  as  the  re su lts  o f tes ts  
taken  a t th e  t im e  o f co m p le tio n  of a fu ll ye a r 's  w ork. 
A p p lic a n ts  s h o u ld  no t d e fe r  th is  re q u ire d  tes t un til 
M a rch  o r M a y  o f the  s e n io r year, fo r re su lts  w o u ld  be  
re c e iv e d  too  la te  to b e  u se fu l to  the  com m ittee .
The o th e r a lte rn a tive  is to  su b m it A m e ric a n  C o lle g e  
Testing  p ro g ra m  (AC T) sco re s . The A C T  te s ts  shou ld  
be  taken  no t la te r than  th e  D e c e m b e r te s t da te .
F a c to rs  D e te rm in in g  A d m iss io n
T hree  fa c to rs  a re  c o n s id e re d  in th e  re v ie w  o f each  
c a n d id a te . T he  first fa c to r  is a c a d e m ic  an d  in c lu d e s , 
in a d d it io n  to  th e  c o lle g e  e n tra n c e  e xa m in a tio n  re ­
su lts , th e  a p p lic a n t ’s h ig h  schoo l g ra d e s , rank  in 
c la ss , an d  o th e r a v a ila b le  a c a d e m ic  da ta . The s e c ­
o n d  a n d  th ird  fa c to rs  a re  p e rso n a l q u a lit ie s  an d  
d e m o n s tra tio n  of a w e ll-c o n s id e re d  d e s ire  a n d  w e ll- 
fo u n d e d  c o m m itm e n t to  s tu d y  e n g in e e rin g .
P ersona l q u a litie s  th a t a re  c o n s id e re d  m ay in c lu d e  
le a d e rsh ip  c a p a b ilit ie s  an d  in te lle c tu a l c rea tiv ity . S ig ­
n ifican t p a rt ic ip a tio n  in e x tra c u rr ic u la r  a c tiv itie s  an d  
re c o m m e n d a tio n s  b y  c o u n s e lo rs  m ay a lso  b e  c o n ­
s id e ra tio n s . A s tu d e n t's  c o m m itm e n t to  e n g in e e r in g  is 
e v id e n c e d  b y  the  ex ten t of h is  o r her in ve s tig a tio n  of 
th e  fie ld  an d  u n d e rs ta n d in g  o f th e  im p lic a tio n s  o f an 
u n d e rg ra d u a te  p ro fe ss io n a l e d u ca tio n .
The a d m is s io n s  co m m itte e  tries  to  ju d g e  w h e th e r a 
s tu d e n t has th e  m a tu rity  a n d  th e  s tu d y  an d  w o rk  
h a b its  th a t a re  n e ce ssa ry  fo r  s u c c e s s  in an  e n g in e e r­
ing  cu rric u lu m . S u p e rio r g ra d e s  o r h ig h  c o lle g e  
e n tra n ce  e xa m in a tio n  sco re s  a re  in th e m se lve s  no  
g u a ra n te e  of su cce ss , no r a re  th e y  a lo n e  a g u a ra n te e  
o f adm iss ion .
A d v a n c e d  P lacem en t
N o rm a lly  a b o u t o ne -ha lf o f th e  s tu d e n ts  e n te r in g  the  
C o lle g e  o f E n g in e e rin g  as  fre sh m e n  re c e iv e  a d ­
v a n c e d  p la ce m e n t a n d  c re d it to w a rd  th e  B.S. deg ree . 
Th is  is  e a rn e d  m os t o fte n  in m a th e m a tics , p hys ics , 
an d  chem is try , b u t it is a lso  re ce ive d  in o th e r s u b je c ts  
su ch  as  b io lo g ic a l sc ie nce , history, a n d  fo re ig n  la n ­
g u a g e s . In som e  ca s e s  it is p o s s ib le  fo r s tu d e n ts  to  
co m p le te  the  u n d e rg ra d u a te  d e g re e  re q u ire m e n ts  in 
le ss  th a n  th e  usua l fo u r yea rs  (se e  a ls o  p. 20).
A d v a n c e d  p la c e m e n t c re d it  m ay b e  o b ta in e d  by  e n ­
te rin g  fre sh m e n  in th re e  w ays. T he  m ost co m m o n  w a y  
is  by  a c h ie v in g  h ig h  s ta n d in g  in C o lle g e  E n tra n ce  
Exa m ina tion  B o a rd  A d v a n c e d  P lacem en t tes ts . A  
se co n d  w a y  is b y  p e rfo rm in g  w e ll o n  a d v a n c e d  
p la c e m e n t e xa m in a tio n s  th a t a re  g iv e n  b y  a n u m b e r 
o f C o rne ll d e p a rtm e n ts  d u r in g  th e  fa ll o rien ta tio n  
pe rio d , o r by  m e e ting  c e rta in  d e p a rtm e n ta l re q u ire ­
m ents . Finally, s e c o n d a ry  sch o o l s tu d e n ts  m ay re ­
c e iv e  C o rne ll c re d it  fo r c o u rse  w o rk  c o m p le te d  a t 
loca l, a c c re d ite d  c o lle g e s  an d  u n ive rs itie s . Norm ally, 
c re d it  to w a rd  th e  C o rne ll d e g re e  w ill be  a w a rd e d  if 
th e  fo llo w in g  co n d it io n s  a re  m et: (1) T h e  c o lle g e  
c o u rs e  w a s  not ta ke n  to  sa tis fy  s e c o n d a ry  schoo l 
g ra d u a tio n  req u ire m e n ts ; (2 ) th e  c o u rse  is re g is te re d  
on  an  o ffic ia l tra n s c rip t from  th e  c o lle g e  o r un ive rs ity ; 
(3 ) th e  c o u rs e  is a p p lic a b le  to  som e  p o rtio n  o f the  
C o rn e ll u n d e rg ra d u a te  e n g in e e r in g  cu rricu lu m .
T he  re q u ire m e n ts  fo r a d v a n c e d  c re d it in fo u r s u b je c t 
a re a s  a re  su m m a rize d  below.
M a th em atics . If poss ib le , s e c o n d a ry  sch o o l s tu d e n ts  
sh o u ld  ta ke  on e  o f th e  tw o  C o lle g e  B o a rd  A d v a n c e d  
P la ce m e n t e xa m in a tio n s  in m a th e m a tics  d u rin g  the  
se n io r year. For e n g in e e r in g  s tu d e n ts , a g ra d e  o f 3  or 
h ig h e r on  th e  A B  exam in a tion , o r o f 2 o r 3 on  th e  BC 
e xa m in a tio n  ea rn s  a d v a n c e d  p la c e m e n t c re d it  fo r 
M a th e m a tics  191 an d  p la c e m e n t in M a th e m a tics  192. 
A g ra d e  o f 4 o r 5 on  th e  B C  e xa m in a tio n  w ill resu lt in
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a d v a n c e d  p la ce m e n t c re d it  fo r M a th e m a tics  191 and  
192 an d  p la ce m e n t in M a th e m a tics  293.
S tu d e n ts  w h o  d id  no t ta ke  on e  o f th e  C o lle g e  B o a rd  
e xam in a tions , o r w ho  to o k  one  b u t re c e iv e d  less a d ­
v a n c e d  p la c e m e n t th a n  th e y  th in k  th e y  sh o u ld  have, 
m ay ta ke  a  s p e c ia l p la c e m e n t e xa m in a tio n  w h ich  is 
g ive n  b y  th e  C o rne ll D e p a rtm e n t o f M a th e m a tics  jus t 
b e fo re  th e  b e g in n in g  o f c la sse s  in the  fall.
Ph ysics . E n te rin g  fre sh m e n  w h o  have  s c o re d  w e ll on 
a  C o lle g e  B o a rd  A d v a n c e d  P la ce m e n t e xa m in a tio n  in 
p h y s ic s  m ay b e  g ra n te d  a d v a n c e d  p la c e m e n t c re d it 
fo r P h ys ics  112, the  firs t o f th e  re q u ire d  th re e -co u rse  
s e q u e n c e  in p h ys ics . It sh o u ld  be  no ted , how ever, 
tha t th e  m a th e m a tics  p re re q u is ite s  fo r  p h y s ic s  
c o u rse s  m ust b e  sa tis fied , an d  th a t an  a c c e le ra te d  
p ro g ra m  in p h y s ic s  is  th e re fo re  c o n tin g e n t on  a d ­
v a n c e d  p la c e m e n t in m a th em a tics .
S u itab ly  p re p a re d  s tu d e n ts  w h o  d id  not h ave  th e  o p ­
p o rtu n ity  to  ta ke  th e  C o lle g e  B o a rd  e xa m in a tio n  m ay 
take  in s te a d  a sp e c ia l te s t a d m in is te re d  b y  th e  C o r­
nell D e p a rtm e n t o f P h ys ics  in th e  fa ll (a n d  a ls o  in 
J u n e  fo r s tu d e n ts  e n ro lle d  in th e  C o rne ll S u m m er 
S ession). S u itab le  p re p a ra tio n  fo r th is  d e p a rtm e n ta l 
te s t co n s is ts  o f tw o  ye a rs  o f s e c o n d a ry  sch o o l p hys ics .
C hem istry . A  s c o re  of 4 o r 3 on th e  C o lle g e  B o a rd  
A d v a n c e d  P la ce m e n t e xa m in a tio n  in c h e m is try  ea rns  
th re e  hou rs  o f a d v a n c e d  p la c e m e n t c re d it  fo r 
C h e m is try  207 , a n d  a  s c o re  o f 5  ea rn s  an  a d d it io n a l 
fou r ho u rs  o f c re d it  fo r C h e m is try  208 . It is a lso  p o s ­
s ib le  fo r a  s tu d e n t to  a ch ie ve  a d v a n c e d  p la ce m e n t 
c re d it b y  p a ss in g  a s p e c ia l e xa m in a tio n  fo r C h e m is try  
207 -20 8 . A rra n g e m e n ts  fo r ta k in g  th is  exa m in a tio n  
m ust b e  m a d e  w ith  th e  D e p a rtm e n t o f C hem istry. 
S tu d e n ts  w h o  ea rn  o n e  te rm  o f a d v a n c e d  p la ce m e n t 
in ch e m is try  a re  no t re q u ire d  to  ta ke  a d d it io n a l 
ch e m is try  u n less  th e y  in te n d  to  m a jo r in c h e m ica l en ­
g in e e rin g .
B io lo g ica l S c ie n c e s . E n g in e e rin g  s tu d e n ts  w h o  a re  
p la n n in g  to  take  a d v a n c e d  c o u rs e s  in b io lo g ic a l s c i­
e n c e s  an d  w h o a ch ie ve  a s c o re  o r 3  o r 4  on  th e  C o l­
le ge  B o a rd  A d v a n c e d  P la ce m e n t e xa m in a tio n  in  b io l­
o g y  w ill b e  p la c e d  in a  s p e c ia l hon o rs  s e c tio n  of 
B io lo g ica l S c ie n c e s  101 -102 , S tu d e n ts  w h o  re ce ive  a 
s c o re  of 5  w ill be  g ive n  s ix  ho u rs  o f a d v a n c e d  p la c e ­
m en t c re d it  in b io log y , w h ic h  m ay b e  u se d  to  sa tis fy  
th e  na tu ra l s c ie n c e s  re q u ire m e n t.
M o d ern  F o re ig n  L an g u ag es . S tu d e n ts  w h o  re ce ive  
a g ra d e  of 700  o r a b o ve  on  th e  C o lle g e  B o a rd  re a d ­
ing  exa m in a tio n  a re  e lig ib le  to  ta ke  th e  A d v a n c e d  
S tand ing  E xa m ina tion  a d m in is te re d  by  th e  C o rne ll 
D e p a rtm e n t o f M o d e rn  L a n g u a g e s  an d  L in g u is tics . 
S tuden ts  w ill th e n  b e  p la c e d  in th e  a p p ro p ria te  la n ­
g u a g e  c o u rse  on  th e  b a s is  o f th e ir  p e rfo rm a n c e  in 
th is  exam in a tion . A d v a n c e d  p la c e m e n t c re d it  is 
g ra n te d  as  fo llow s: For h ig h  sch o o l w o rk , c re d it  is 
g ra n te d  on ly  fo r th e  e q u iva le n t o f 2 00 -leve l C o rne ll 
la n g u a g e  co u rse s . C re d it is a w a rd e d  a c c o rd in g  to  
pe rfo rm a n ce  in th e  C o lle g e  B o a rd  A d v a n c e d  P la ce ­
m ent E xa m ina tion  (a s c o re  o f 4  or 5 e q u a ls  th re e  
c re d its ), C o rn e ll’s A d v a n c e d  S ta n d in g  E xa m ina tion , 
o r sp e c ia l e xam in a tion . A  re c o m m e n d a tio n  fo r c re d it 
is fo rw a rd e d  b y  th e  a p p ro p ria te  la n g u a g e  a n d  lin g u is ­
t ic s  fa c u lty  m e m b e r to  th is  C o llege.
U p  to  e ig h t c re d its  o f a d v a n c e d  p la c e m e n t in m o d e rn  
fo re ig n  la n g u a g e  m ay b e  c o u n te d  as  lib e ra l e le c tive  
c re d it  to w a rd  th e  B a c h e lo r  o f S c ie n c e  d e g re e  in the  
C o lle g e  o f E n g ine e ring .
Transfer Admission
T he  C o lle g e  o f E n g in e e rin g  w e lc o m e s  in q u ir ie s  a b o u t 
tra n s fe r  o p p o rtu n itie s  fo r  s tu d e n ts  w h o  a re  cu rre n tly  
a tte n d in g  o th e r fo u r-ye a r o r tw o -ye a r c o lle g e s  a n d  
u n ive rs itie s . E ach  y e a r the  C o lle g e  m a tr ic u la te s  a p ­
p ro x im a te ly  fif ty  n e w  tra n s fe r s tu d e n ts , a n d  it is a c ­
tive ly  se e k in g  to  in c re a se  th is  num ber. In te re s te d  s tu ­
d e n ts  a re  in v ited  to  c o m m u n ic a te  w ith  th e  C ha irm a n , 
T rans fe r A d m iss io n s  C o m m itte e , 221 C a rp e n te r  Hall.
T ra n s fe r s tu d e n ts  a re  a d m itte d  a t th e  ju n io r-y e a r leve l 
o r be low . B e ca u se  th e  tra n s fe r  s tu d e n t m u s t sa tis fy  
th e  sa m e  d e g re e  re q u ire m e n ts  as  a ll o th e r C o rn e ll 
e n g in e e rs , a d m is s io n  is  u su a lly  o ffe re d  o n ly  to  those  
c a n d id a te s  w h o  h ave  e x c e lle d  in a c a d e m ic  p ro g ra m s  
c o m p a ra b le , b o th  in c o u rs e  co n te n t a n d  rigor, to  
th e  C o lle g e 's  ow n  c u rric u lu m . The  C o rn e ll e n g in e e r­
in g  c u rr ic u lu m  fo r  th e  fre sh m a n  a n d  so p h o m o re  ye a rs  
is  d is c u s s e d  u n d e r D iv is ion  o f B a s ic  S tu d ie s  
(se e  p. 21).
S tu d e n ts  w h o  a re  a c c e p te d  fo r  tra n s fe r a d m iss io n  bu t 
a re  fo u n d  d e f ic ie n t in th e  s p e c if ic  c o u rs e  w o rk  re ­
q u ire d  fo r a g iv e n  leve l o f p la c e m e n t m a y  b e  a ske d  to 
a tte n d  a su m m e r se ss io n  a t C o rne ll o r e lse w h e re  in 
o rd e r to  c o m p le te  th is  w o rk  p r io r  to  m a tr icu la tio n  at 
C o rne ll. T ransfer c a n d id a te s  a re  e n c o u ra g e d  to  p re ­
ve n t su ch  c o u rs e  d e f ic ie n c ie s  b y  co n s u lt in g  w ith  the  
T rans fe r A d m is s io n s  C o m m itte e  as  e a rly  as  p o s s ib le  
so  th a t a c a d e m ic  s c h e d u le s  m ay be  p la n n e d  to  p a ra l­
le l C o rn e ll’s  u n d e rc la s s  p ro g ra m .
S tu d e n ts  w h o  a re  a c c e p te d  fo r tra n s fe r on  th e  bas is  
o f c o m p le tio n  o f tw o  te rm s  o r th re e  q u a rte rs  of 
a c a d e m ic  w o rk  w ith  b e tte r- th a n -a v e ra g e  re c o rd s  in 
o th e r c o lle g ia te  in s titu tio n s  g e n e ra lly  w ill b e  a w a rd e d  
c re d it  fo r  th ir ty -th re e  hou rs. H ow ever, th e re  m ay b e  a 
s tip u la tio n  th a t c e r ta in  c o u rs e s  no rm a lly  taken  in the  
fre sh m a n  ye a r be  c o m p le te d  as  fre e  e le c tiv e s  b e fo re  
g ra d u a tio n . S im ilarly, a b o v e -a v e ra g e  s tu d e n ts  w h o  
a re  a c c e p te d  on  th e  b a s is  o f c o m p le tio n  o f fo u r te rm s 
o r s ix  q u a rte rs  in o th e r in s titu tio n s  g e n e ra lly  w ill be  
a w a rd e d  c re d it  fo r s ix ty -s ix  hou rs, w ith  th e  p o s s ib le  
p ro v is io n  th a t c e rta in  u n d e rc la s s  c o u rs e s  b e  c o m ­
p le te d  a s  fre e  e le c tiv e s  b e fo re  g ra d u a tio n . In th e  
c a s e  o f s tu d e n ts  w h o  a re  a c c e p te d  fo r tra n s fe r a d ­
m iss ion  b u t h ave  o n ly  a v e ra g e  a c a d e m ic  re c o rd s , in ­
d iv id u a liz e d  c o u rs e  c re d it  e va lu a tio n s  w ill be  m ade . 
U n ive rs ity  p o lic y  p ro h ib its  th e  g ra n tin g  of tra n s fe r 
c re d it  fo r any  c o u rs e  fo r w h ich  th e  s tu d e n t re c e iv e d  a 
g ra d e  b e lo w  C - .
S in ce  1968, th e  C o lle g e  o f E n g in e e rin g  has  o ffe red  
J u n io r a n d  C o m m u n ity  C o lle g e  S c h o la rs h ip s  to 
U n ited  S ta tes c it ize n s  w h o  a re  cu rre n tly  e n ro lle d  in 
c o m m u n ity  o r ju n io r  c o lle g e s  and  h ave  b ee n  a c ­
c e p te d  fo r tra n s fe r a d m iss io n  to  th e  C o lle g e . A s  w ith  
a ll f in a n c ia l a ss is ta n ce , th e  a m o u n t o f th e s e  s p e c ia l 
s c h o la rs h ip s  v a rie s  w ith  e a ch  in d iv id u a l, d e p e n d in g  
u p o n  his d e m o n s tra te d  fin a n c ia l n ee d . A  P a ren ts ' 
C o n fid e n tia l S ta tem e n t (PCS), a v a ila b le  from  th e  C o l­
le g e  S c h o la rs h ip  S e rv ice  a t P rin ce to n , N e w  Jersey, 
m ust a c c o m p a n y  the  s c h o la rs h ip  a p p lic a tio n .
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S tuden ts  w ho  a p p ly  fo r tra n s fe r from  o the r fou r-yea r 
c o lle g e s  and  u n ive rs itie s  c a n n o t be  c o n s id e re d  fo r f i­
na n c ia l a id  until they  have co m p le te d  one  te rm  in 
re s id e n c y  at C orne ll.
A p p lic a tio n s  fo r tra n s fe r a d m iss io n  fo r th e  fat 
te rm  b e g in n in g  in S e p te m b e r a re  d u e  not la ter than 
A p ril 15. C a n d id a te s  w h o  w ish  to  be c o n s id e re d  fo r 
m id ye a r tra n s fe r m us t m ake  a p p lic a tio n  by 
D e c e m b e r 1.
International Students
T he C o lle g e  o f E n g ine e ring  e n c o u ra g e s  h ig h ly  s u c ­
c e ss fu l fo re ig n  s tu d e n ts  to  c o n s id e r th e  o p p o rtu n itie s  
a va ila b le  at C o rne ll. Each ye a r th e  C o lle g e  m a tr ic u ­
la tes a p p ro x im a te ly  th ir ty -five  fresh m an  s tu d e n ts  of 
fo re ig n  nationality. S tu d e n ts  in te res ted  in a d m iss io n  to 
any C o rne ll d iv is io n  shou ld  c o m m u n ic a te  w ith  th e  
U n d e rg ra d u a te  A d m iss io n s  A dviser, In te rna tiona l 
S tu d e n t O ffice , B a rnes Hall.
Special Students
In e xce p tio n a l ca se s , in d iv id u a ls  w ho  d o  not w ish  to  
b e co m e  c a n d id a te s  fo r an u n d e rg ra d u a te  d e g re e  
m ay be  a d m itte d  as sp e c ia l s tu d e n ts . P e rsons w h o  
c a n n o t m ee t the  usua l e n tra n c e  re q u ire m e n ts  o r w ho  
d o  no t w ish  to  s p e n d  th e  t im e  re q u ire d  to  c o m p le te  a 
d e g re e  m ay qua lify , bu t th e y  m ust have  had  som e 
e n g in e e rin g  tra in in g  a n d  m ust sa tis fy  th e  p re re q u i­
s ites  fo r th e  c o u rs e s  th e y  w ish  to  take. O th e r a p p li­
ca n ts  m ay have  b a c c a la u re a te  d e g re e s  bu t w ish  to 
pu rsu e  fu rth e r w o rk  at th e  u n d e rg ra d u a te  level. In any 
case , a p ro s p e c tiv e  s p e c ia l s tu d e n t sh o u ld  w rite  to  
th e  d ire c to r  o f th e  d iv is io n  o r schoo l to  w h ich  he or 
she w a n ts  to  b e  a d m itte d .
Graduate Admission
C a n d id a te s  m ay a p p ly  fo r a d m iss io n  to  g ra d u a te  
p ro g ra m s  in e n g in e e r in g  le a d in g  to the  g e n e ra l d e ­
g re e s  o f M aste r o f S c ie n ce  a n d  D o c to r o f P h ilo sophy  
o r to  one  o f e leven  p ro fe ss io n a l M aste r o f E n g in e e r­
ing d e g re e s . A d m iss io n  re q u ire m e n ts  a re  d is c u s s e d  
on pp . 13 a n d  14.
Undergraduate Financial Aid
S u bs tan tia l a id  is a va ila b le  to  he lp  s tu d e n ts  m ee t the  
co s t of th e ir  e d u ca tio n , and  m ore  than  70 p e rc e n t of 
all u n d e rg ra d u a te  e n g in e e rin g  s tu d e n ts  re ce ive  such  
a id . The C o lle ge  fo llo w s  a p o lic y  of fu ll-n e e d  aw ard s : 
fin a n c ia l a id  is o ffe re d  o n ly  If a p a c k a g e  o f  s c h o la r ­
sh ip , b a n ,  a n d  o c c a s io n a lly  a jo b  can  b e  p ro v id e d  to  
e qu a l th e  c a lc u la te d  nee d . The to ta l p a c k a g e  fo r  an 
in d iv id u a l m ay b e  as  h igh  as $ 6 0 0 0  a year.
F resh m a n  A p p lic a n ts
M ore  than  $ 6 0 0 ,0 0 0  in s c h o la rs h ip  g ra n ts  w ill be 
a w a rd e d  th is  ye a r to  C o lle g e  o f E n g in e e rin g  
fre sh m e n . Loans a n d  U n ive rs ity  jo b s  w ill in c re a se  the  
to ta l am o u n t o f finan c ia l a id  fo r e n g in e e r in g  fre sh m e n  
to  a b o u t $80 0 ,00 0 . A w a rd s  m a d e  to fre sh m e n  a re  
n o rm a lly  co n tin u e d  th ro u g h  fo u r years , c o n tin g e n t on  
c o n tin u a n c e  o f th e  ca lc u la te d  n ee d  an d  sa tis fa c to ry  
a c a d e m ic  s ta n d in g .
F reshm en se e k in g  finan c ia l a id  shou ld  c o m p le te  the  
f inan c ia l a id  a p p lic a tio n  fo rm  a n d  file  it, s till a tta ch e d  
to  the  a d m is s io n s  a p p lic a tio n , w ith  th e  U n ive rs ity  O f­
fice  o f A d m iss io n s . T he  P a ren ts ’ C o n fid e n tia l S ta te ­
m ent o f th e  C o lle g e  S ch o la rsh ip  S e rv ice  m ust a lso  b e  
file d . E a ch  a p p lic a n t file s o n ly  one  a p p lic a tio n  and  
sh o u ld  no t re q u e s t any sp e c ific  s c h o la rs h ip . The  E n­
g in e e r in g  S ch o la rsh ip  C o m m itte e  a tte m p ts  to  a ss ig n  
s p e c ific a lly  d e s ig n a te d  a w a rd s  to  th o se  s tu d e n ts  
w h o se  q u a lif ic a tio n s  m os t nea rly  m a tch  the  d o n o r ’s 
w ishes.
N o s tu d e n t sh o u ld  re fra in  from  a p p ly in g  fo r a d m iss io n  
b e ca u se  o f finan c ia l c ircu m s ta n ce s . A d m iss io n s  d e ­
c is io n s  are  re n d e re d  w ith o u t re g a rd  fo r f in a n c ia l a id  
req u ire m e n ts ; a fte r a d m iss io n  has  b ee n  g ra n te d , 
a p p lic a n ts  fo r f in a n c ia l a id  are  c o n s id e re d  fo r the 
ava ila b le  funds.
U p p erc lassm en
For u p p e rc la s s m e n  w h o  d id  no t re ce ive  a id  as  in c o m ­
in g  fre sh m e n , th e re  are  ex tre m e ly  lim ite d  so u rce s  of 
finan c ia l a id . The a p p ro p ria te  a p p lic a tio n  fo rm s  m ay 
be o b ta in e d  from  the  U n ive rs ity  O ffice  of S ch o la rsh ip s  
an d  F inanc ia l A id .
Finances
Expenses
E stim ated  e xp e n se s  fo r an u n d e rg ra d u a te  s tu d e n t in 
th e  C o lle g e  of E n g ine e ring  fo r the  1 9 7 5 -7 6  a c a d e m ic  
ye a r to ta l $6 ,300 , w h ich  in c lu d e s  $3 ,800  fo r tu ition  
an d  fees, an  e s tim a te d  $1 ,7 5 0  fo r room  an d  boa rd , 
$ 70 0  fo r pe rsona l e xpe nses , and  th e  $50  re g is tra tio n  
fee.
A d d itio n a l d e ta ils  c o n c e rn in g  these  expenses, 
m e th od  o f paym en t, re funds, and  o the r m a tte rs  of fi­
nanc ia l in te res t are  g ive n  in the  A n n o u n ce m e n t o f  
G enera l In fo rm a tion
T ra n s fe r S tu d e n ts
D u ring  the  pas t fou r years, the C o lle g e  o f E n g in e e rin g  
has e n ro lle d  in c re a s in g  n u m b e rs  of tra n s fe r s tu d e n ts  
from  ju n io r and  co m m u n ity  c o lle g e s  a n d  has  m a d e  
th e  tra n s itio n  to C o rne ll f in a n c ia lly  p o s s ib le  b y  m eans 
of sp e c ia l C o m m u n ity  and  Ju n io r C o lle g e  S ch o la r­
sh ips . The a va ila b ility  o f these  fu n d s  m akes  C o rne ll, a 
p riva te  ins titu tion , as e c o n o m ic a lly  fe a s ib le  as m ost 
p u b lic ly  s u p p o rte d  e n g in e e rin g  schoo ls .
In the  pas t few  years , all a c c e p te d  tw o -ye a r c o lle g e  
tra n s fe r c a n d id a te s  o f U n ited  S ta tes c it iz e n s h ip  have 
be e n  a w a rd e d  finan c ia l a id co m m e n su ra te  w ith  nee d  
as d e m o n s tra te d  b y  th e  s tu d e n t's  finan c ia l a id  a p p li­
ca tio n . Jun io r and  co m m u n ity  c o lle g e  s tu d e n ts  in ­
te re s te d  in C o rne ll e n g in e e r in g  a n d  th is  spec ia l 
s c h o la rs h ip  p ro g ra m  a re  in v ite d  to co m m u n ic a te  w ith

A c a d e m ic  S tan d in g  19
the  C h a irpe rson , T ransfer A d m iss io n s  C om m ittee , 221 
C a rp e n te r Hall.
S c h o la rs h ip  R e so u rces
The to ta l re so u rce s  a va ila b le  fo r finan c ia l a id  to  u n ­
d e rg ra d u a te  e n g in e e rin g  s tu d e n ts  am o u n t to  a b o u t 
$1 .7 5  m illion  a year.
The la rg e s t s in g le  s o u rc e  of a s s is ta n c e  is th e  John  
M cM u llen  S ch o la rsh ip  Fund, w h ich  p ro v id e s  s u p p o rt 
fo r m ore  th a n  five  h u n d re d  u n d e rg ra d u a te s  eve ry  
year. Total e xp e n d itu re s  fo r th e se  sch o la rs h ip s  e x ­
ce e d  $1 m illion  annually.
A  n u m b e r o f o the r sch o la rs h ip s  and  e n d o w m e n ts  
h ave  been  e s ta b lish e d , o ften  as  m em o ria ls , to  p ro ­
v id e  finan c ia l a id  fu n d s  fo r  C o rne ll e n g in e e rin g  s tu ­
den ts . These  s c h o la rs h ip s  c a rry  th e  fo llo w in g  nam es: 
C h a rles  R. A rm in g to n , John  H enry  Barr, S e ym ou r L. 
Baum , R obert H. B lacka ll, E d w ard  P. Burre ll, R ussell 
C ra ig  C hand ler, R e dm o nd  S tephe n  C o lnon , C a sp e r L. 
C o ttre ll, C a lv in  H. an d  D e lla  N. C rouch , A . C lin ton  
D ecker, W arren V. D e lano , O tto  M. E id itz , J o se p h  H. 
Evans, C. H a ro ld  Fahy, E lbert C u rtiss  Fisher, Carl R. 
G ilbe rt, Em m et B la ke n e y  G leaso n , Paul G. H av iland , 
H a yw a rd  H e a d d e n , H o w ard  E lm er H yde, M artin  J. In- 
sull, A lb e rt Ja d o t, C h es te r H. Love land , C h a rles  
M cA lis te r, H a rrison  D. M c F a d d in , R o be rt C, N e w ­
co m b , F rank W illiam  P a dgham , A n n ie  E an d  O s c a r W. 
R hodes, H u ld a h  J a n e  R ice, F re d e rick  B. S co tt, S y l­
v e s te r E d ic k  Shaw, J u d s o n  N. Sm ith, W illiam  D e lm ore  
T ho m pso n , Leon C. W elch , M a rthu r M e llon  W el­
ling ton , John  L. W entz, H enry  G. W h ite  an d  Jesse l 
S tuart W hyte. The  C a rrie r M em o ria l S ch o la rsh ip  and  
th e  W ilson  E n d o w m e n t a lso  p ro v id e  funds .
C o rp o ra tio n -s p o n s o re d  s c h o la rs h ip  fu n d s  a re  th e  fo l­
lo w in g : A lc o a  Fou nda tion , M oog , Inc., N ia g a ra  
M ach in e  and  Tool W orks, Rohm  & H aas C om pany, 
S co tt P a pe r C o m p a n y  F ou nda tion , S tauffe r C h e m ica l 
C om pany, W estern  E le c tric  Fund, and  W ym an- 
G o rd on  C om pany. The C o rn e ll E n g in e e r,  a  s tu d e n t 
m agaz ine , a lso  p ro v id e s  s c h o la rs h ip  funds.
W ith in  th e  p a s t fe w  years, severa l c o rp o ra tio n s  have 
h e lp e d  s u p p o rt e ffo rts  to  p ro v id e  finan c ia l a id  fo r 
m in o rity  s tu d e n ts . The se  c o rp o ra tio n s  are: B a b c o c k  
an d  W ilco x  C om pany, C o n tinen ta l C an C om pany, 
C o rn in g  G lass  W orks, E. I. d uP on t de  N e m o u rs  & 
C om pany, E a stm an K o d a k  C om pany, G ene ra l E lec tric  
C o m p a n y  S. C. John son  C om pany, M obil O il C o rp o ­
ra tion , R aytheon C om pany, a n d  Sm ith, K line  and 
F rench  L a b o ra to ries .
In a d d it io n  to  these  sp e c ia l e n g in e e r in g  sch o la rsh ip s , 
th e re  a re  U n ive rs ity -w id e  s c h o la rs h ip s  fo r w h ich  a c ­
c e p te d  e n g in e e rin g  a p p lic a n ts  a re  e lig ib le . The se  in ­
c lu d e  th e  C o rne ll N a tiona l S c h o la rsh ip s  a n d  th e  G en ­
era l M oto rs S ch o la rsh ips .
Graduate Financial Aid
O p p o rtu n it ie s  fo r fin a n c ia l a id  at th e  g ra d u a te  level 
a re  d is c u s s e d  u n d e r M aste r o f E n g in e e rin g  d e g re e  
(see p. 13) and  M aste r o f S c ie n ce  an d  D o c to r of 
P h ilo sophy  d e g re e s  (se e  p. 14).
A cadem ic  Standing
Grades
The fa c u lty  g ra d e s  on  a le tte r sc a le  (A  th ro u g h  F), 
re fin e d  b y  th e  use o f +  o r In o rd e r to  c o m p u te  
a ve ra g e s , g ra d e  p o in ts  a re  a s s ig n e d  as  fo llow s:
A +  =  4.3 A  =  4 .0 A - =  3 .7
B +  =  3.3 B =  3.0 B - =  2 .7
C +  =  2 .3 C =  2 .0 C - =  1.7
D +  =  1.3 D =  1.0 D - =  0.7
N o g ra d e  p o in ts  are  g ive n  fo r fa ilin g  (F) g ra d e s . 
G ra d e s  w h ich  a re  so m e tim e s  g ive n  b u t no t co u n te d  
in c o m p u tin g  g ra d e -p o in t a v e ra g e s  are  S a tis fa c to ry  
(S), U n sa tis fa c to ry  (U ), an d  In c o m p le te  (Inc.).
O c c a s io n a lly  s tu d e n ts  w h o  a re  d o in g  s a tis fa c to ry  
w o rk  in a  c o u rse  m ay no t be  a b le  to  co m p le te  the  
w o rk  of th e  c o u rse  b e c a u s e  o f u n fo re se e n  c ir ­
cu m s ta n c e s  su ch  as  illness. In su ch  in s tan ces , th e  
p ro fe sso r m ay a s s ig n  th e  g ra d e  Inc. E n g in e e rin g  s tu ­
d e n ts  m ust m ake  u p  g ra d e s  of In c o m p le te  b y  th e  e n d  
o f th e  nex t te rm  in w h ich  th e  c o u rs e  is g ive n .
In any te rm  a fte r the  firs t se m e s te r o f fre sh m a n  re s i­
d e n ce , an u n d e rg ra d u a te  m a y  ta ke  on e  o r tw o  libe ra l 
o r fre e  e le c tive  c o u rs e s  on an S -U  g ra d in g  b a s is  
u p o n  a p p ro va l o f th e  s tu d e n t's  fa c u lty  a d v is e r  an d  the  
c o u rs e  instructo r. The S-U  o p tio n  e n a b le s  e n g in e e rin g  
s tu d e n ts  to  ta ke  a d v a n c e d  c o u rs e s  o r co u rse s  
p r im a rily  fo r th o s e  m a jo rin g  in o th e r a re a s  w ith o u t a f­
fe c tin g  th e ir  g ra d e -p o in t ave rage s .
Evaluation and Academic Action
The a c a d e m ic  s ta n d in g  o f e a c h  s tu d e n t is e va lu a te d  
a t th e  end  o f e a ch  sem ester. To be  c o n s id e re d  in 
g o o d  s ta n d in g  fo r th e  sem ester, a s tu d e n t in th e  D iv i­
s io n  o f B a s ic  S tu d ie s  m u s t s u c c e s s fu lly  c o m p le te  at 
le as t tw e lve  c re d it hours, re ce ive  no  g ra d e  o f F o r U, 
a n d  a tta in  th e  re q u ire d  m in im um  g ra d e -p o in t a ve r­
a ge . The m in im um  a c c e p ta b le  firs t an d  s e c o n d  
se m e s te r g ra d e -p o in t a v e ra g e  is 1.7; fo r th e  th ird , 
fou rth , and  any  a d d it io n a l se m e s te rs  in th e  D iv is ion  of 
B a s ic  S tud ies , the  m in im um  is 2.0.
A  s tu d e n t w h o  is not in g o o d  s ta n d in g  o r is no t m a k ­
ing a d e q u a te  p ro g re s s  to w a rd  th e  d e g re e  w ill re ce ive  
an  o ffic ia l w a rn in g , w ill b e  su s p e n d e d , o r w ill b e  p ro ­
h ib ite d  from  fu rth e r re g is tra tio n  in the  C o lle g e . A n  o f­
f ic ia l w a rn in g  is n o tice  th a t a c a d e m ic  p e rfo rm a n c e  is 
no t sa tis fac to ry , a n d  tha t fa ilu re  to a tta in  g o o d  s ta n d ­
ing  th e  fo llo w in g  se m e s te r m ay  resu lt in su sp e n s io n . 
E x c e p t in unu sua l ca se s , a firs t se m e s te r fre sh m a n  
no t in g o o d  s ta n d in g  w ill be  w a rn e d . A  s u s p e n d e d  
s tu d e n t m us t p re se n t e v id e n c e  tha t he  o r she  ca n  
s u c c e s s fu lly  co m p le te  an a c a d e m ic  p ro g ra m  in th e  
C o lle g e  o f E n g in e e rin g  to  b e  c o n s id e re d  for 
re a dm iss ion .
Honors
H o nors  s e c tio n s  a re  a va ila b le  in a n u m b e r o f 
fre sh m a n  and  so p h o m o re  c o u rse s . E n tra n ce  to  these
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se c tio n s  is  ba se d  on th e  q u a lity  o f w o rk  in th e  p re c e d ­
in g  te rm .
To a tta in  th e  D e a n 's  H o no r L is t fo r any  te rm  in the  
C o lle g e  o f E n g ine e ring , a n  u n d e rg ra d u a te  m us t have 
a tta in e d  a te rm  a v e ra g e  o f a t le a s t 3 .25 , b a se d  on a t 
le as t tw e lve  c re d it  hou rs  in w h ic h  g ra d e s  o th e r th a n  S 
a n d  U have  be e n  a w a rd e d .
To g ra d u a te  w ith  D is tin c tio n  a s tu d e n t m u s t h ave  a 
3 .2 5  cu m u la tive  a v e ra g e  fo r  all u n d e rg ra d u a te  
c o u rs e s  a t C orne ll.
Advanced Placement
It is p o s s ib le  fo r s tu d e n ts  to  o b ta in  a c a d e m ic  c re d it 
to w a rd  th e  u n d e rg ra d u a te  d e g re e  b y  ta k in g  sp e c ia l 
h ig h  sch o o l c o u rs e s  o r b y  a ch ie v in g  s u ffic ie n tly  h igh  
sco re s  on  s p e c ia l exa m in a tio n s . D e ta ils  o f th e  a d ­
v a n c e d  p la c e m e n t p ro g ra m  as it p e rta in s  to  en te r in g  
fre sh m e n  are  g ive n  o n  p. 15.
E a rn ing  a d v a n c e d  c re d it  a llo w s  a  s tu d e n t to  d e ve lo p  
a  m o re  in d iv id u a liz e d  p ro g ra m  o f s tu d y  w ith  a 
b ro a d e r lib e ra l c o m p o n e n t o r a d d it io n a l te ch n ica l 
co u rse s ; it is no t no rm a lly  u se d  to  re d u c e  the  
a c a d e m ic  p ro g ra m  o f a n y  term .
A n o th e r p o s s ib ility  a va ila b le  to  su p e rio r  s tu d e n ts  is to  
c o m p le te  a p ro g ra m  le a d in g  to  the  B.S. d e g re e  in 
le ss  tim e  than  th e  usua l fo u r yea rs  o r e ig h t te rm s  
th ro u g h  a  c o m b in a tio n  o f a d v a n c e d  p la c e m e n t c re d it 
an d  su m m e r s tudy. S tu d n ts  w h o  g a in  a d v a n c e d  
p la c e m e n t c re d it  fo r tw o  te rm s  o f m a th e m a tics  a n d  
fo r ch e m is try  o r p h y s ic s  s ta n d  a g o o d  c h a n c e  o f 
sh o rte n in g  th e  t im e  re q u ire d  fo r g ra d u a tio n .
P ro sp e c tive  s tu d e n ts  w h o  a re  in te re s te d  in a d v a n c e d  
p la c e m e n t a re  in v ited  to  c o rre s p o n d  w ith  th e  C h a ir­
pe rson , E n g in e e rin g  A d m is s io n s  C o m m itte e , 223 
C a rp e n te r H a ll. E n te rin g  s tu d e n ts  sh o u ld  c o n su lt the  
D iv is ion  o f B a s ic  S tu d ie s , 170 O lin  Hall. S tu d e n ts  a l­
re a d y  e n ro lle d  sh o u ld  c o n s u lt th e ir  adv ise rs .
Student Personnel Services
Advising and Counseling
The C o lle g e  of E n g in e e rin g  a d v is in g  se rv ice s  a re  d e ­
s ig n e d  p rim a rily  to  p ro v id e  s tu d e n ts  w ith  in fo rm ation  
and  c o u n s e lin g  in a re a s  th a t a ffe c t th e ir  a c a d e m ic  
an d  p ro fe ss io n a l d e ve lo p m e n t.
A d v ic e  on  c u rr ic u la r  c h o ic e s  an d  c a re e r p la n n in g  is 
p ro v id e d  m a in ly  th ro u g h  th e  fa c u lty  adv iser, w h o  
h e lp s  e a ch  a d v ise e  p la n  an e d u ca tio n a l p ro g ra m  a n d  
is  re s p o n s ib le  fo r  o ve rse e in g  th e  s tu d e n t's  a c a d e m ic  
p ro g re ss . The fa c u lty  a d v is e r a lso  se rve s  as  a  p e r­
sona l co u n se lo r w h o  w ill d ire c t th e  s tu d e n t to  th e  a p ­
p ro p r ia te  U n ive rs ity  re so u rce  w h e n  a p a rt ic u la r  nee d  
a rises . F a cu lty  a d v ise rs  a re  a ss ig n e d  to  m a tr icu la tin g  
s tu d e n ts  on  th e  b a s is  o f in d ic a te d  m u tu a l in te res ts ; 
u n d e rc la s s  s tu d e n ts  m ay c h a n g e  a d v ise rs  if th e ir  in­
te re s ts  c h a n g e . U p p e rc la s s  s tu d e n ts  a re  no rm a lly  
s e rv e d  b y  fa c u lty  a d v ise rs  in th e ir  a re a  o f s p e c ia liz a ­
tion . It is e ssen tia l th a t s tu d e n ts  m ake  fu ll use  o f th is  
im p o rta n t re so u rce  o n  a  re g u la r bas is .
The  C o lle g e  o p e ra te s  th e  E n g in e e rin g  A d v is in g  and  
C o u n se lin g  C e n te r in O lin  Hall, w h e re  s tu d e n ts  m ay 
c o n s u lt w ith  th e  d ire c to r  o f a d v is in g  a n d  co u n se lin g  
o r w ith  s tu d e n t s ta ff m e m b e rs  re p re s e n tin g  e a c h  of 
th e  u p p e rc la s s  fie lds . The se  s tu d e n ts  a re  p a rticu la rly  
he lp fu l in p ro v id in g  u n d e rc la s s  s tu d e n ts  w ith  pe e r 
c o u n se lin g  on the  na tu re  o f th e  w o rk  in va r io u s  fie lds. 
S p e c ia l p ro g ra m s  to  a ss is t s tu d e n ts  in s e le c tin g  the ir 
u p p e rc la s s  fie ld  a re  o ffe re d  by  th e  C e n te r a t va rio u s  
tim e s  d u r in g  th e  year.
A  lis t o f tu to rs  is  a v a ila b le  at th e  C enter, an d  g ro u p  
tu to r ia ls  a re  a rra n g e d  b y  th e  s ta ff as  th e  n e e d  a rises . 
T h e  s tu d e n t s taff m e m b e rs  w ill h e lp  in d iv id u a l s tu ­
d e n ts  w ith  sh o rt-te rm  tu to r in g  a s s is ta n c e  w h ile  they 
a re  o n  d u ty  in th e  C ente r. A lso  a v a ila b le  a t th e  C e n te r 
is  a w id e  va rie ty  o f p r in te d  m a te ria l, in c lu d in g  p u b li­
c a tio n s  o f the  C o lle g e  o f E n g in e e rin g . A  m o n th ly  b u l­
le tin , N e w s B rie fs , c o n ta in in g  in fo rm a tio n  on va rio u s  
a c a d e m ic  a c tiv itie s  a n d  p ro g ra m s , is d is tr ib u te d  by 
th e  C e n te r to  all fre sh m a n  an d  s o p h o m o re  e n g in e e r­
in g  s tu d e n ts .
S p e c ia l c o u n s e lin g  se rv ice s  fo r m in o r ity -g ro u p  s tu ­
de n ts  a re  a v a ila b le  th ro u g h  th e  D ire c to r o f E n g in e e r­
in g  M in o rity  P rog ram s, C a rp e n te r  Hall.
T he  U n ive rs ity  p ro v id e s  e x te n s ive  re s o u rce s  to  s u p ­
p le m e n t th e  a d v is in g  p ro g ra m s  o f th e  c o lle g e s . 
F a c ilitie s  a v a ila b le  to  all s tu d e n ts  in c lu d e  th e  O ffice  of 
th e  D ean  o f S tuden ts ; th e  U n ive rs ity  H e a lth  S e rv ice ; 
th e  R e a d in g -S tu d y  C en te r; th e  U n ive rs ity  G u id a n c e  
an d  Testing  C e n te r; th e  O ffice  fo r C o o rd in a tio n  o f Re­
lig io u s  A ffa irs ; th e  Career, S u m m e r P lans, a n d  P la ce ­
m ent C e n te r; a n d  th e  O ffice  o f S c h o la rsh ip s  a n d  Fi­
n a n c ia l A id .
E n g in e e rin g  s tu d e n ts  no t o n ly  have  a c c e s s  to  these  
o rg a n iz e d  co u n s e lin g  se rv ice s  o f th e  C o lle g e  and  
University, b u t a re  a lso  w e lc o m e  to  c o n fe r  w ith  the  
a d m in is tra tive  s ta ff o f th e  C o lle g e  o f E n g ine e ring , d e ­
p a rtm e n t ch a irp e rs o n s , a n d  fa c u lty  m e m b e rs  on  any 
e d u c a tio n a l o r p e rso n a l matter.
Placement
T he fa c il it ie s  o f th e  U n ive rs ity  Career, S u m m e r P lans, 
an d  P la ce m e n t C e n te r in S a ge  Hall a re  a v a ila b le  to  all 
e n g in e e r in g  s tu d e n ts  se e k in g  su m m e r o r pe rm a n e n t 
e m p lo ym e n t. The  C o lle g e  o f E n g in e e rin g  a lso  p ro ­
v id e s  p la c e m e n t s e rv ice  th ro u g h  its O ffice  o f S tuden t 
P lacem en t in C a rp e n te r H a ll. In fo rm a tio n  a b o u t c o m ­
p a n ie s  is a v a ila b le  a t e ith e r o f th e se  o ffices, a n d  s tu ­
d e n ts  m ay  d is c u s s  s p e c ific  e m p lo y m e n t o p p o rtu n itie s  
an d  th e  p ro c e d u re s  o f jo b  p la ce m e n t w ith  th e  s ta ff of 
e ith e r office.
The O ffice  of S tu d e n t P lacem en t, in c o o p e ra tio n  w ith  
th e  U n ive rs ity 's  p la c e m e n t se rv ice s , a rra n g e s  ann ua l 
in te rv ie w s  b e tw e e n  s tu d e n ts  a n d  p ro s p e c tiv e  
e m p lo ye rs . S e le c te d  e n g in e e r in g  fa c u lty  m e m b e rs  
s e rve  as  p la c e m e n t a d v is e rs  w ith  w h o m  s tu d e n ts  
m a y  d is c u s s  th e ir  ca re e r o b je c tiv e s  a n d  p la n s  fo r 
e m p lo ym e n t o r g ra d u a te  study.
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Division of Basic Studies
O lin  Hall
M. S. B urton, d ire c to r; G. D, M e ixe l, Jr., ass is tan t 
d ire c to r; N .Lan g ra na .
S tuden ts  in the  C o lle g e  of E n g in e e rin g  a re  e n ro lled  
fo r the  first tw o  ye a rs  of th e ir  u n d e rg ra d u a te  e d u c a ­
tion in th e  D iv is ion  of B a s ic  S tud ies , w h ich  a d m in is ­
te rs  the  p ro g ra m  of co u rse s  fo r fre sh m e n  and 
soph om o res .
p o s tp o n e m e n t sh o u ld  be  m a d e  to  the  e n g in e e rin g  
reg istrar, 170 O lin  Hall.
D e s c rip tio n s  of th e  p h ys ica l e d u c a tio n  co u rse s  o f­
fe re d  w ill be  m a d e  a va ila b le  to en te r in g  s tu d e n ts  b y  
the  D e p a rtm e n t o f P hys ica l E d u ca tio n  an d  A th le tics .
D u ring  th e  s o p h o m o re  yea r s tu d e n ts  take  fo u r e n ­
g in e e rin g  c o re  s c ie n c e  co u rse s , se le c te d  from  offe r­
in g s  in fou r areas, as o u tlin e d  below. S tu d e n ts  w h o  
are  p la n n in g  to  m a jo r in ch e m ica l e n g in e e r in g  as u p ­
p e rc la s s  s tu d e n ts  m ust sa tis fy  sp e c ia l p re re q u is ite s  
(see fo o tn o te s  * be low ). A  w ise  se le c tio n  o f c o re  
c o u rse s  is  of c o n s id e ra b le  im p o rta n c e  to  the  s tu ­
d e n t’s su b s e q u e n t p ro g ra m  o f s tu d ie s  a n d  sh o u ld  be  
m a d e  in co n su lta tio n  w ith  a fa c u lty  adviser.
The Curriculum
Course Requirem ents
S tuden ts  a re  e n ro lle d  fo r five c o u rse s  e ach  term .
M any of th e se  are  e lective , bu t th e  u n d e rc la ss  p ro ­
g ra m  m ust be  p la n n e d  so as  to  sa tis fy  ce rta in  re ­
qu ire m en ts . A  se q u e n c e  o f fou r co u rse s  in m a th e m a ­
tic s  and  a th re e -te rm  se q u e n c e  in p h y s ic s  a re  re ­
q u ire d  of all u n d e rg ra d u a te s . F reshm en enro ll in 
ch e m is try  d u rin g  th e  first te rm  and  shou ld  e le c t a 
se c o n d  te rm  o f ch e m is try  if th e y  p lan a ch e m is try - 
re la ted  u p p e rc la s s  p rog ram .
A  tw o -te rm  se q u e n c e  In e n g in e e rin g  su b je c ts , IBE105 
an d  IBE106, is re q u ire d  of fresh m en . In c lu d e d  is in­
s tru c tio n  in the  c o m p u te r  la n g u a g e  PL/I and  an in tro ­
d u c tio n  to e n g in e e rin g  d e s ig n  and  g ra p h ics . A lso, 
e a ch  s tu d e n t ch o o se s  tw o  s ix -w e e k  “ m in i c o u rse s " 
w h ich  fo cu s  on  d iffe ren t e n g in e e rin g  fie lds  a n d  in ­
c lu d e  a va rie ty  o f a c tiv itie s , such  as d e s ig n  or 
la b o ra to ry  p ro je c ts , fie ld  trips , d iscu ss io n  g ro u p s , and 
case  s tud ie s  o f e n g in e e r in g -re la te d  p ro b le m s  a n d  is­
sues. S tu d e n ts  in te re s te d  p a rticu la rly  in b io e n g in e e r­
in g  o r p re m e d ic in e  m ay su b s titu te  a b io lo g y  co u rse  
fo r  IB E 106.
All e n g in e e rin g  s tu d e n ts  a re  re q u ire d  to  c o m p le te  
e ig h t libe ra l s tu d ie s  co u rse s  ( tw e n ty -fo u r c re d its )  b e ­
fo re  g ra d u a tio n ; fo u r of th e se  c o u rs e s  (tw e lve  c re d its ) 
are  norm a lly  c o m p le te d  w h ile  th e  s tu d e n t is re g is ­
te re d  in the  D iv is ion  of B a s ic  S tud ies . H ow ever, s tu ­
d e n ts  w h o se  c a re e r g o a ls  re q u ire  them  to d o  so, m ay 
su b s titu te  in tro d u c to ry  co u rse s  in th e  na tu ra l s c i­
en ce s  (e .g ., b io lo g y  o r o rg a n ic  ch e m is try ) fo r the ir 
libe ra l s tu d ie s  e le c tive s  d u rin g  th e  fre sh m a n  or 
s o p h o m o re  year, and  d e fe r these  e le c tive s  until the 
ju n io r a n d  sen io r years. The libe ra l s tu d ie s  e le c tive s  
m ay in c lu d e  co u rse s  in the  hum an ities , soc ia l s c i­
ence s, m o d e rn  fo re ig n  la n g u a g e s , and  e xp re ss ive  
arts. A t le as t tw o  of th e  libe ra l s tu d ie s  e le c tive  
co u rse s  (s ix  c re d its  m in im um ) m us t be  a t the  u p p e r 
c la ss  level.
All u n d e rg ra d u a te  s tu d e n ts  are  re q u ire d  by  th e  U n i­
ve rs ity  to  co m p le te  fou r te rm s  o f p h ys ica l e d u ca tio n . 
The re q u ire m e n t m ust be  c o m p le te d  w ith in  th e  first 
fo u r te rm s  un less  p o s tp o n e m e n t is g ra n te d  by  th e  fa ­
c u lty  co m m itte e  on  P hys ica l E d u ca tio n . R e q u e s ts  fo r
T yp ica l p ro g ra m s  fo r the  fre sh m a n  an d  so p h o m o re  
yea rs  are  g ive n  as  e xa m p le s . It sh o u ld  b e  no te d  tha t 
th e re  a re  m any  va ria tio ns , d e p e n d in g  on  s tu d e n ts ’ 
in d iv id u a l b a c k g ro u n d s  an d  e d u ca tio n a l a n d  c a re e r 
p lans.
F resh m a n  and  S o p h o m o re  Years
Term 1 C re d its
M a th e m a tics  191, C a lcu lu s  fo r 
E n g ine e rs  4
C h e m is try  207 , G enera l C h em is try  3
F reshm an e n g in e e rin g  cou rse , IBE105 
or IB E 106 3
N a tu ra l or soc ia l s c ie n c e  e le c tiv e ' 3
L ibera l s tu d ie s  e le c tiv e  3
Term 2
M a th e m a tics  192 o r 194,
C a lcu lu s  fo r E n g ine e rs  4
P h ys ics  112, P h ys ics  I 4
F reshm an  e n g in e e r in g  c o u rs e  IBE105 
o r IB E 106  o r a lte rn a t iv e t 3
N a tu ra l o r so c ia l s c ie n c e  e le c tive *  3
L ibera l s tu d ie s  e le c tive  3
Term 3
M a th e m a tics  293  o r 295,
E n g in e e rin g  M a th e m a tics  4
P h ys ics  213, P h ys ics  II 4
E n g in e e rin g  c o re  s c ie n c e  e le c tiv e  3
E n g in e e rin g  c o re  s c ie n c e  e le c tiv e  3
L ibera l s tu d ie s  e le c tive  3
Term 4
M a th e m a tics  294  o r 296,
E n g in e e rin g  M a th e m a tics  3
P h ys ics  214 , P h ys ics  III 4
E n g in e e rin g  co re  s c ie n c e  e le c tive  3
E n g in e e rin g  c o re  s c ie n c e  e le c tive  3
L ibera l s tu d ie s  e le c tive  3
'S tu d e n ts  w h o  w ish  to  m a jo r in ch e m ic a l e n g in e e rin g  
and  s tu d e n ts  w h o  a re  in te re s te d  p r im a rily  in 
b io e n g in e e r in g -p re m e d ic in e  m ust take  C h e m is try  208 
d u r in g  th e  fre sh m a n  year. C h e m ica l e n g in e e rin g  
s tu d e n ts  w ill s e le c t a c o n s id e ra b ly  d iffe ren t p ro g ra m  
in th e  so p h o m o re  ye a r (see  fo o tn o te  * u n d e r 
E n g in e e rin g  C o re  S c iences).
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tS tu d e n ts  in te re s te d  p r im a rily  in b io e n g in e e r in g  o r IM G 2 2 1 , T h e rm o d y n a m ic s  3
b io e n g in e e r in g -p re m e d ic in e  m ay  s u b s titu te  IH E 1 1 1 o r IH E 1 10, M ass an d  E n e rg y
B io lo g ica l S c ie n ce  102 p lu s  104 ( la b o ra to ry ) fo r B a la n ce s  3
I BE 106 (se e  p. 32).
E n g in e e rin g  C o re  S c ien c es
Four e n g in e e rin g  c o re  s c ie n c e  c o u rse s  m ust be  
ta ke n  d u r in g  th e  s o p h o m o re  year. E ach  s tuden t 
s e le c ts  c o u rs e s  from  th e  fo u r g ro u p s  lis te d  below, 
w ith  a t least th re e  o f th e  fo u r g ro u p s  re p re se n te d  in 
th e  c h o ice s .
A n  im p o rta n t c o n s id e ra tio n  in the  c h o ic e  of these  
c o u rs e s  is th a t e a c h  u p p e rc la s s  fie ld  is e n title d  to  
sp e c ify  a  p a rt ic u la r  e n g in e e r in g  c o re  s c ie n c e  a s  a 
p re re q u is ite  fo r e n ro llm e n t in th e  ju n io r year. The 
co u rs e s  re q u ire d  fo r e n try  in to  th e  d iffe re n t F ie ld  
P rog ram s a re  the  fo llo w in g :
A p p lie d  an d  E n g in e e rin g  P hys ics : IM G 221 
C h e m ica l E n g ine e ring : IHE111 o r lH E 1 1 0 '
C iv il an d  E n v ironm en ta l E n g in e e rin g : IAK221 
E le c trica l E n g in e e rin g : IEE210 
Indus tria l E n g ine e ring  a n d  O p e ra tio n s  R esearch : 
IO R 260
M a te ria ls  S c ie n ce  a n d  E n g in e e rin g : no  re q u ire m e n t 
M e ch a n ica l a n d  A e ro s p a c e  E n g in e e rin g : IAK221
'S tu d e n ts  in te n d in g  to  e n te r C h e m ica l E n g ine e ring  
m us t a lso  take  C h e m is try  287 , 289 , a n d  C h e m is try  
288 , 290. O n ly  tw o  o f th e  G ro u p  IV c o u rs e s  m a y  b e  
c o u n te d  to w a rd  th e  fo u r e n g in e e r in g  c o re  s c ie n ce s  
re q u ire d  of a ll so p h o m o re s . S tu d e n ts  w h o  take  the  
th re e  co u rse s  from  G ro u p  IV d u r in g  th e  so p h o m o re  
ye a r m a y  b e  u n a b le  to  c o m p le te  th e  e n g in e e r in g  co re  
s c ie n c e  re q u ire m e n ts  th a t year, a n d  m a y  d e fe r the  
fou rth  e n g in e e rin g  c o re  s c ie n c e  until th e  ju n io r year.
The  fo u r g ro u p s  o f e n g in e e r in g  c o re  s c ie n c e s  are:
G ro u p  I C re d its
IO R 213, S ys tem s A n a lys is  a n d  D e s ig n  3
IO R 260, In tro d u c to ry  E n g in e e rin g  
P ro b a b ility  3
IO R 270, B a s ic  E n g in e e rin g  S ta tis tic s  3
IC S 2 1 1, C o m p u te rs  a n d  P ro g ra m m in g  3
G ro u p  II
IEE210, In tro d u c tio n  to  E lec trica l 
S ys tem s 3
ITE262, E le c trica l P ro p e rtie s  of 
M a te ria ls  3
IP217, C o n te m p o ra ry  T op ics  in 
A p p lie d  P h ys ics  3
IP306, The P h ys ics  o f L ife  3
G ro u p  III
IA K 2 0 1 , In tro d u c tio n  to  A p p lie d  
M e ch a n ics  3
IA K 2 2 1 , M e ch a n ics  of S o lid s  3
IA K 231 , D yn a m ics  3
ITE261, M e ch a n ica l P rope rties  
o f M a te ria ls  3
G ro u p  IV
C h e m is try  287 , 289 , P h ys ica l C h e m is try  5
C h e m is try  288 , 290 , P hys ica l C h e m is try  5
C h e m is try  357 , O rg a n ic  C h e m is try  3
C h e m is try  358 , O rg a n ic  C h e m is try  3
Description of Courses
The c o u rs e s  o ffe re d  th ro u g h  the  D iv is io n  o f B a s ic  
S tu d ie s  in c lu d e  c e rta in  e n g in e e r in g  c o u rs e s  o ffe red  
b y  th e  va rio u s  s c h o o ls  a n d  d e p a rtm e n ts  o f th e  C o l­
le ge  o f E n g in e e rin g , an d  a n u m b e r in m a th e m a tics  
a n d  th e  p h ys ica l s c ie n c e s  w h ich  a re  o ffe re d  by  th e  
C o lle g e  o f A rts  a n d  S c ie n c e s  b u t a re  re q u ire d  o r fre ­
q u e n tly  in c lu d e d  in th e  u n d e rc la s s  e n g in e e r in g  c u r ­
ricu lu m . The se  c o u rs e s  a re  d e s c r ib e d  below . O the r 
c o u rs e s  o ffe re d  b y  s c h o o ls  o r d e p a rtm e n ts  o f the  C o l­
le ge  o f E n g in e e rin g  a re  d e s c r ib e d  in a la te r s e c tio n  of 
th is  boo k. The  s ig n if ic a n c e  o f th e  c o u rs e  n u m b e rin g  
sys tem  is d is c u s s e d  on  p. 67.
IB E 1 0 0  B io e n g in e e rin g  S e m in a r E ither te rm  
C re d it one  hour. S -U  g ra d e s  only. N. L a n g ra n a  
a n d  staff.
Le c tu re s  b y  C o rn e ll s taff m e m b e rs , g ra d u a te  s tu ­
den ts , a n d  v is itin g  sc ie n tis ts  an d  e n g in e e rs  on to p ic s  
o f in te res t in th e  fie ld  o f b io e n g in e e rin g .
IB E 1 03  S p ec ia l In v e s tig a tio n s  in E n g in e e r­
ing O n d e m a n d . C re d it va riab le .
S u p e rv ise d  study, b y  in d iv id u a ls  o r sm a ll g ro u p s , of 
o n e  o r m ore  s p e c ia liz e d  to p ic s  no t co v e re d  in re g u la r 
c o u rse s .
IB E 1 05  E le m e n ts  of E n g in e e rin g  C o m ­
m u n ic a tio n s  E ither te rm . C re d it th re e  hou rs. Two le c ­
tu re s . N o  s c h e d u le d  re c ita tio n  o r labora to ry , b u t o p ­
tiona l re c ita tio n  o ffe red . N. L a n g ra n a  a n d  staff.
F irs t e ig h t w e e ks  sam e  as  IC S 100. R em a in in g  w eeks, 
p r in c ip le s  o f e n g in e e r in g  g ra p h ic s  s tu d ie d  th ro u g h  
p ro je c ts  re la te d  to  d e s ig n  an d  m o d e lin g  o f p h ys ica l 
p ro ce sse s . E m p h a s is  on  s ke tch in g  to  d e v e lo p  skill in 
v isu a l co m m u n ica tio n .
IB E 1 06  E n g in e e rin g  P e rs p e c tiv e s  E ither te rm . 
C re d it th re e  hou rs. O ne  le c tu re , on e  re c ita tio n , o n e  
labora to ry.
I llu s tra tion  o f e n g in e e r in g  p o in t o f v ie w  th ro u g h  d e ­
ta ile d  s tu d y  o f s p e c ific  p ro b le m s  w ith  m a jo r e n g in e e r­
in g  a sp e c ts . S tu d e n ts  c h o o s e  “ m in i-c o u rs e s ” from  
se le c tio n  o ffe re d  b y  v a rio u s  fa c u lty  m e m b e rs  in the  
C o lle g e  of E n g in e e rin g . S m a ll re c ita tio n s  a n d  w o rk  
se ss io n s  p e rm it c lo s e  c o n ta c t b e tw e e n  s tu d e n ts  a n d  
facu lty . L e c tu re s  p re s e n t an o ve rv ie w  o f th e  e n g in e e r­
in g  p ro fess ion .
Mathematics
191 C a lc u lu s  fo r E n g in e e rs  E ither te rm . C re d it 
fo u r hou rs . T h re e  le c tu re s  p lu s  re c ita tio n s . P re re q u i­
s ite : th re e  yea rs  of h ig h  sch o o l m a th e m a tics , in c lu d ­
in g  trigonom e try .
P lane a n a ly tic  geo m etry , d iffe ren tia l a n d  in teg ra l c a l­
cu lu s , a p p lic a tio n s .
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192 C a lc u lu s  fo r E n g in eers  Either term . C re d it 
fo u r hours. T hree le c tu re s  p lu s  rec ita tions ; even ing  
e xam in a tions . P re requ is ite : M a th e m a tics  191. 
T ra n sce n d e n ta l fu n c tio n s , te c h n iq u e  of in teg ra tio n  
an d  m u ltip le  in teg ra ls , v e c to r ca lcu lu s , ana ly tic  
g e o m e try  in space , pa rtia l d iffe ren tia tion , a p p lic a ­
tions.
194 C a lc u lu s  fo r  E n g in eers  Sp ring . C re d it four 
hours. T hree  le c tu re s  p lu s  re c ita tio n s ; eve n in g  
exam in a tions . P re requ is ite : re co m m e n d a tio n  o f in ­
s tru c to r in 191.
C o ve rs  the  co u rse  co n te n t of 192 in m ore  de ta il and  
in c lu d e s  m ore  th e o re tica l m ate ria l.
293 E n g in eerin g  M a th e m a tic s  E ither te rm  C red it 
fo u r hours. Th ree  le c tu re s  p lu s  re c ita tions ; even ing  
exam in a tions . P re requ is ite : M a th e m a tics  192 o r 194. 
Vectors and  m a trice s , firs t o rd e r d iffe ren tia l equ a tions , 
in fin ite  se ries , co m p le x  nu m b e rs , a p p lica tio n s . P ro b ­
lem s fo r p ro g ra m m in g  a n d  runn ing  on th e  au to m a tic  
c o m p u te r are  a ss ig n e d , an d  s tu d e n ts  a re  e x p e c te d  
to  have  a kn o w le d g e  o f c o m p u te r  p ro g ra m m in g  
e q u ia va le n t to  th a t ta u g h t in IBE105.
294 E n g in eerin g  M a th e m a tic s  E ither te rm . C red it 
th re e  hours. Two le c tu re s  p lu s  re c ita tions ; e ve n in g  
exam in a tions . P re requ is ite : M a th e m a tics  293.
L inea r d iffe ren tia l e q u a tio n s , q u a d ra tic  fo rm s and  
e ig e n va lu e s , d iffe ren tia l v e c to r  c a lcu lu s , a p p lica tio n s .
295 E n g in eerin g  M a th e m a tic s  An honors  se c tio n  
of 293 . Fall. C re d it fo u r hours. T hree le c tu re s  p lu s  
rec ita tions ; e ve n in g  exam in a tions . P re requ is ite : 
M a th em a tics  192 o r 194.
Lec tu res  fo llo w  th e  g en e ra l p lan  and  c o v e r th e  m a te ­
rial o f 2 9 3  w ith  su b s ta n tia lly  g re a te r e m p h a s is  on fu n ­
d a m e n ta l u n ify ing  c o n c e p ts . A d d it io n a l to p ic s  m ay 
in c lude : an  in tro d u c tio n  to  c o n v e rg e n c e  in m etric  
sp a ce s , the  ro le  o f c o m p le x  num b e rs  in c la rify in g  the 
b e h a v io r of real p o w e r se ries  an d  real linea r tra n s ­
fo rm a tion , in varian t s u b s p a c e s  of a  linea r tra n s fo rm a ­
tion, a n d  th e  J o rd a n  ca n o n ica l fo rm .
296 E n g in eerin g  M a th em atics  A n hon o rs  sec tion  
of 294 . S p ring . C re d it fou r hours. T hree  le c tu re s  p lus  
rec ita tions ; e ve n in g  e xam in a tions . P re requ is ite : 
M a th e m a tics  295  o r co n se n t o f instructor.
L e c tu re s  fo llow  the  ge n e ra l p lan  an d  c o v e r the  m a te ­
ria l o f 294  w ith  s u b s ta n tia lly  g re a te r  e m p h a s is  on fu n ­
dam en ta l un ify ing  c o n c e p ts . A d d it io n a l to p ic s  m ay 
in c lude : a d e ve lo p m e n t of th e  th e o ry  of linear o rd i­
nary d iffe ren tia l e q u a tio n s  w ith  c o n s ta n t coe ffic ie n ts  
v ia  th e  m atrix  e xp o n e n tia l fu n c tio n , fu n d a m e n ta l so lu ­
tion  m a tr ice s  fo r t im e -d e p e n d e n t linear o rd in a ry  d iffe ­
rentia l e qu a tions , p a rt ic u la r so lu tio n s  v ia  th e  s u p e r­
pos ition  in teg ra l. R e c ita tion  w o rk  in c lu d e s  on e  m a jo r 
p ro b le m -so lv in g  p ro je c t in vo lv in g  m o d e lin g , c o m p u ­
te r p ro g ra m m in g , and , poss ib ly , expe rim en ta l 
ve rifica tion .
Physics
112 P h ys ic s  I: M ec h a n ic s  and Heat E ither term . 
(U sua lly  o ffe red  a lso  d u r in g  S u m m er S ess ion .) C re d it 
fo u r hou rs. Tw o le c tu re s , tw o  d iscu ss io n  p e rio d s ; one
tw o -h o u r la b o ra to ry  in a lte rn a te  w eeks; even ing  
exa m in a tio n s . P re requ is ite : c o re g is tra tio n  in 
M a th e m a tics  192; o r s u b s ta n tia l p re v io u s  c o n ta c t w ith  
in tro d u c to ry  c a lc u lu s  c o m b in e d  w ith  c o re g is tra tio n  in 
M a th e m a tics  191. K. B e rke lm a n  (fall), R. S iem ann 
(sp ring ).
M e c h a n ic s  o f p a rtic le s : k in e m a tics , d yn a m ics , s p e ­
c ia l relativ ity, co n se rva tio n  law s, ce n tra l fo rc e  fie lds, 
p e r io d ic  m otion . M e c h a n ic s  o f m a n y -p a rtic le  sys ­
tem s: c e n te r  o f m ass, ro ta tiona l m e c h a n ic s  o f a r ig id  
body, s ta tic  e q u ilib r iu m , k in e tic  theory, a n d  th e r­
m o d y n a m ic s  o f s im p le  gase s. A t th e  leve l o f F u n d a ­
m e n ta ls  o f  P h ys ics  ( re v ise d  p rin tin g , 1974) b y  H a lli- 
d a y  an d  R esn ick.
213  P h ysic s  II: E lec tric ity  and  M a g n e tis m  Either 
te rm . (U su a lly  o ffe red  a lso  d u r in g  S u m m er S e ss ion .) 
C re d it fo u r hou rs. Two le c tu re s , tw o  d iscu ss io n  
p e rio d s , la b o ra to ry ; e v e n in g  e xa m in a tio n s . P re re q u i­
sites: P h ys ics  112 an d  c o re g is tra tio n  in the  co n tin u a ­
tion  o f th e  m a th e m a tics  se q u e n c e  re q u ire d  fo r 
P h ys ics  112. J. S ilco x  (fa ll), R. B u h rm an  (sp rin g ). 
E le c tro s ta tics , b e h a v io r o f m a tte r in e le c tr ic  fie lds, 
m a g n e tic  fie lds , F a ra d a y 's  Law, e le c tro m a g n e tic  o s c il­
la tions  a n d  w a ves, m ag n e tism . L a b o ra to ry  w o rk  s u p ­
p le m e n ts  th e  w ritten  an d  ora l w o rk : e le c tr ic a l m e a s ­
urem en ts , d c  an d  ac  c irc u its , re so n a n ce  phe n o m e n a , 
p h ys ica l e le c tro n ic s , e le c tr ic a l co n d u c tio n , se le c te d  
p ro p e rtie s  o f e le c tr ic  a n d  m a g n e tic  fie ld s . A t th e  leve l 
of F u n d a m e n ta ls  o f  P h ys ics  ( re v ise d  p rin tin g , 1974) 
by  H a llid a y  an d  R esn ick.
21 4  P h ys ic s  III: O p tics , W aves , and  P a rti­
c les  Either te rm . (U su a lly  o ffe red  a lso  d u r in g  S um ­
m e r S e ss ion .) C re d it fo u r  hou rs. (P h ys ics  3 1 0  m ay b e  
taken , w ith  c o n se n t o f instructo r, in p la c e  o f th e  214  
la bo ra to ry ; c re d it fo r 21 4  is th e n  th re e  hou rs .) Two 
le c tu re s , d is c u s s io n  p e rio d s , la b o ra to ry ; e ve n in g  
e xam in a tions . P re requ is ites : P h ys ics  21 3  and  
co re g is tra tio n  in th e  co n tin u a tio n  of th e  m a th e m a tics  
s e q u e n c e  re q u ire d  fo r P h ys ics  112.
W ave phe n o m e n a ; e le c tro m a g n e tic  w a ves ; p h ys ica l 
o p tic s ; q u a n tu m  effec ts , m a tte r w aves; u n ce rta in ty  
p rin c ip le ; in tro d u c tio n  to  w a ve  m e c h a n ic s , e le m e n ­
ta ry  a p p lic a tio n s . A t th e  level of F u n d a m e n ta ls  o f O p ­
tic s  a n d  M o d e rn  P h ys ics  b y  Young (fina l se le c tio n  of 
te x t to  be  a n n o u n ce d ).
217 P h ysic s  II: E le c tric iy  and M ag n etism  Either 
te rm . C re d it fo u r hours. A  m ore  r ig o ro u s  ve rs io n  of 
P h ys ics  213  fo r s tu d e n ts  w h o  have  d o n e  ve ry  w e ll in 
P h ysc is  112 and  d e s ire  a m ore  a n a ly tic  trea tm en t 
than  th a t o f 213 . A c c e p ta n c e  in to  th e  c o u rse  w ill be 
de te rm in e d  by  th e  instructo r. E n g in e e rin g  s tu d e n ts  
sh o u ld  se e k  th e  a p p ro v a l o f th e ir  a d v is e r  be fo re  
re g is te r in g . P h ys ics  m a jo rs  a re  e n c o u ra g e d  to  s e le c t 
217. S tu d e n ts  a re  re q u ire d  to  do  th e  la b o ra to ry  w o rk  
o ffe red  in 21 3  to  o b ta in  c re d it  fo r 217 . E ve n ing  
exa m in a tio n s  m ay b e  sch e d u le d . A. S ieve rs  (fa ll), L. 
H a nd  (sp rin g )
F u n d a m e n ta ls  of e le c tr ic ity  an d  m ag n e tism , in c lu d in g  
th e  use  of v e c to r  ca lcu lu s . A t the  level o f E le c tric ity  
a n d  M a g n e tism  b y  P u rce ll (Vol. II, B e rke le y  P h ys ics  
Series).
218 P h ysics  III: O p tics , W aves , and  P a rti­
c le s  Either te rm . C re d it th re e  hou rs. A  sp e c ia l s e c ­
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tio n  o f 214 . C o n d itio n s  g o v e rn in g  en ro llm e n t a re  s im i­
la r to  th o se  fo r 217 . S tu d e n ts  a re  re q u ire d  to  d o  the  
la b o ra to ry  w o rk  o ffe re d  in 2 1 4  (fo r w h ich  on e  c re d it 
hou r w ill be  g ive n ) o r to  e n ro ll c o n c u rre n tly  in 310 . 
E ve n ing  e xa m in a tio n s  m ay b e  s c h e d u le d . T. M. Yan 
(fa ll), R. Pohl (sp rin g ).
Chemistry
2 0 7 -2 0 8  G en era l C h e m is try  Fall: 207 ; c re d it 
th re e  hours. S p ring  : 208 ; c re d it fo u r hours. Two le c ­
tu re s , o n e  la b o ra to ry ; e v e n in g  e xa m in a tio n s . E n ro ll­
m en t lim ited . R e co m m e n d e d  fo r th o se  s tu d e n ts  w h o  
w ill ta ke  fu rth e r c o u rs e s  in chem is try . P re requ is ite : 
h ig h  schoo l ch e m is try ; 2 0 7  is p re re q u is ite  to  208. 
(N o te : E n te rin g  s tu d e n ts  e x c e p tio n a lly  w e ll p re p a re d  
in c h e m is try  m ay  re c e iv e  a d v a n c e d  p la ce m e n t c re d it 
fo r  2 0 7 -2 0 8  b y  d e m o n s tra tin g  c o m p e te n c e  in the  
A d v a n c e d  P la ce m e n t E xa m ina tion  o f th e  C o lle ge  
E n tra n ce  E xa m ina tion  B o a rd , o r in th e  d e p a rtm e n ta l 
exa m in a tio n  g ive n  a t C o rne ll b e fo re  c la sse s  s ta rt in 
th e  fa ll.) E R. S ch o le r a n d  E. L. M u e tte rties  (fa ll), M. J. 
S ienko  (sp ring ).
T he im p o rta n t ch e m ic a l p r in c ip le s  a n d  fa c ts , w ith  
e m p h a s is  on q u a n tita tiv e  a s p e c ts  an d  te c h n iq u e s  
im p o rta n t fo r fu rthe r w o rk  in  chem istry . S e co n d -te rm  
la b o ra to ry  in c lu d e s  a  sys te m a tic  s tu d y  o f q u a n tita tive  
ana lys is .
Engineering Sciences 
G ro u p  I
IO R 213  S y s te m s  A n a ly s is  and  d e s ig n  S p ring . 
C re d it th re e  hou rs. Two le c tu res , o n e  re c ita tio n . P re­
re q u is ite : M a th e m a tics  293 . T. Berger.
In tro d u c tio n  to  the  m o d e lin g  o f sys te m s u s in g  th e  
c o n c e p ts  o f s ta tes  a n d  tra n s itio n s . E m p h a s is  on the  
fo rm u la tio n  o f m o d e ls  co m m o n  to  p ro b le m s  in va riou s  
b ra n c h e s  o f e n g in e e r in g . U se  of g ra p h  theory, d iffe r­
e n c e  e q u a tio n s , an d  M arko v c h a in s  to  a n a lyze  a n d  
d e s ig n  s ta tic  an d  d y n a m ic  sys tem s.
IO R 260  In tro d u c to ry  E n g in eerin g  P ro b ab ility
E ither te rm . C re d it th re e  hou rs . T h re e  le c tu res . 
P re requ is ite : F irs t year ca lc u lu s . L. I. W eiss a n d  staff. 
A t th e  e n d  o f th is  c o u rs e  a  s tu d e n t shou ld  have  a 
w o rk in g  kn o w le d g e  o f som e  o f th e  b a s ic  to o ls  in 
p ro b a b ility  th e o ry  a n d  th e ir  use  in e n g in e e rin g . This 
m a y  b e  th e  last c o u rs e  in p ro b a b ility  fo r  som e  s tu ­
de n ts  o r it m ay b e  fo llo w e d  by  a c o u rs e  in s ta tis tics . 
T op ics  in c lu d e : a de fin itio n  o f p ro b a b ility ; b a s ic  ru les  
fo r c a lc u la tin g  w ith  p ro b a b ilit ie s  w h e n  th e  n u m b e r of 
p o s s ib le  o u tc o m e s  is fin ite ; d is c re te  a n d  c o n tin u o u s  
ra n d o m  va ria b le s ; p ro b a b ility  d is tr ib u tio n  a n d  d e n s ity  
fu n c tio n s ; e x p e c te d  va lues , jo in tly  d is tr ib u te d  random  
va ria b le s , and  m a rg in a l a n d  c o n d it io n a l d is tr ib u tio n s ; 
s p e c ia l d is tr ib u tio n s  im p o rta n t in e n g in e e rin g  w o rk,
i.e., th e  norm al, e xp o n e n tia l, b in o m ia l, P o isson, and  
o th e r d is tr ib u tio n s  a n d  h o w  they  a rise  in p ra c tice ; and  
M a rko v  c h a in s  a n d  a p p lica tio n s .
IO R 2 7 0  B as ic  E n g in eerin g  S ta tis tic s  E ither term . 
C re d it th re e  hours. Two le c tu re s , on e  rec ita tion . 
(G ra d u a te  s tu d e n ts  w ill b e  a s s ig n e d  to  a se p a ra te  
re c ita tio n  s e c tio n .) S tu d e n ts  w h o  in ten d  to  en te r the
u p p e rc la s s  F ie ld  o f Indus tria l E n g in e e rin g  an d  O p e ra ­
t io n s  R e sea rch  sh o u ld  ta ke  IO A 2 60  in s te a d  o f th is  
course . P re requ is ite : firs t yea r ca lc u lu s . Staff.
A t th e  e n d  o f th is  c o u rs e  a s tu d e n t sh o u ld  co m m a n d  
a w o rk in g  k n o w le d g e  o f b a s ic  s ta tis tic s  as  it a p p lie s  
to  e n g in e e r in g  w o rk. For m any  s tu d e n ts  th is  w ill be  
th e  o n ly  c o u rs e  in s ta tis tic s  th e y  take. For s tu d e n ts  
w h o  w ish  to  le a rn  m o re  a b o u t s ta tis tics , a c o u rse  in 
p ro b a b ility  (e .g ., IO A 2 60 ) fo llo w e d  b y  a c o u rs e  in 
s ta tis tic s  (e.g ., IO C 3 7 0 ) is  re co m m e n d e d . T op ics  are: 
g ra p h ic a l a n d  n u m e rica l m e th o d s  of re p re se n tin g  
d a ta —  h is to g ra m s  a n d  cu m u la tiv e  fre q u e n c y  p o ly ­
gon s, sa m p le  m e a n s  a n d  va ria n ce s ; b a s ic  to o ls  of 
p robab ility , d is c re te  a n d  c o n tin u o u s  ra n d o m  va ri­
a b le s , p ro b a b ility  d is tr ib u tio n  a n d  d e n s ity  fu n c tio n s , 
e x p e c te d  v a lu e s  a n d  “ p o p u la t io n ”  m om e n ts , sp e c ia l 
d is tr ib u tio n s — th e  no rm a l, ch i-sq u a re , b in o m ia l, and  
o thers; te s ts  o f “ s ig n if ic a n c e ” a n d  on e - a n d  tw o -s id e d  
h yp o th e s is  te s ts  c o n c e rn in g  th e  m ean o f a norm al 
d is tr ib u tio n  w h e n  th e  s ta n d a rd  d e v ia tio n  is  know n 
(unknow n); h yp o th e s is  te s ts  c o n c e rn in g  th e  v a ria n ce  
of a  no rm a l d is tr ib u tio n ; p o in t-  a n d  c o n fid e n c e - 
in te rva l e s tim a tio n ; c o rre la tio n  an d  c u rv e  fitting  by  
le as t squa res .
ICS211 C o m p u te rs  an d  P ro g ra m m in g  E ither 
te rm . C re d it th re e  hou rs. P re re q u is ite : ICS 100 o r 
e q u iva le n t p ro g ra m m in g  e xp e rie n ce . Two le c tu re s , 
one tw o -h o u r labora to ry.
In te n d e d  a s  a fo u n d a tio n s  c o u rse  in c o m p u te r  p ro ­
g ra m m in g . A lg o rith m s  an d  th e ir  re la tio n  to  c o m p u te rs  
an d  p ro g ra m s . A n a ly s is  o f a lg o rith m s  in te rm s  of 
s p a c e  an d  t im e  re q u ire m e n ts . A  p ro c e d u re -o r ie n te d  
la n g u a g e ; s p e c ific a tio n  of syn ta x  an d  s e m a n tic s , da ta  
ty p e s  an d  s tru c tu re s , s ta te m e n t typ e s , in p u t-o u tp u t 
p ro g ra m  struc tu re . A  b r ie f in tro d u c tio n  to  m a ch in e  o r­
g a n iza tion . P ro g ra m m in g  a n d  d e b u g g in g  p ro b le m s  
on  a c o m p u te r a re  an  e sse n tia l p a r t o f th is  course .
G ro u p  II
IE E 2 1 0  In tro d u c tio n  to  E lec trica l S y s te m s  E ither 
te rm . C re d it th re e  hou rs. Th ree  le c tu re -re c ita tio n s . 
P re re q u is ite s : M a th e m a tics  192 an d  P h ys ics  112. 
In te n d e d  to  d e v e lo p  c o m p e te n c e  in se ve ra l a n a lys is  
sk ills  a p p ro p ria te  to  th e  F ie ld  o f E le c trica l E n g in e e rin g  
a n d  to  im p a rt u n d e rs ta n d in g  of th e  p h y s ic a l b a s is  fo r 
th e  c o n c e p ts  a s s o c ia te d  w ith  th e  sk ills . T op ics  in­
c lu d e : e le c tr ic a l c irc u it  e le m e n ts  (res is to rs , 
c a p a c ito rs , in d u c to rs , in d e p e n d e n t s o u rce s , an d  
b ra n c h  re la tio n sh ip s ); t im e  fu n c tio n s  a n d  th e ir  re p ­
re sen ta tion  (rea l e xp o n e n tia ls , c o m p le x  nu m b e rs , 
tr ig o n o m e tric  fu n c tio n s , a n d  c o m p le x  e xp o n e n tia ls ); 
re sp o n se  of s im p le  n e tw o rks  an d  th e  im p e d a n c e  
c o n c e p t (na tu ra l response , fo rc e d  re sp o n se  to 
p e r io d ic  e xc ita tio n  a n d  p o le -ze ro  c o n c e p ts ) ; c ircu it 
e q u a tio n s  a n d  m e th o d s  of so lu tio n  (b ra n c h  e q u a ­
tio n s , K irch h o ff’s law s, n o d a l an d  m esh  equ a tio n s , 
m a trix  m e th o d s  o f so lu tion , a n d  N o rton  a n d  T he ven in  
e q u iva le n ts ); c o n tro lle d  s o u rc e s  an d  m o d e lin g  o f d e ­
v ic e s  ( re p re s e n ta tio n  o f id e a liz e d  e le c tro n ic  and  e le c ­
tro m e c h a n ic a l d e v ice s ).
IT E 262  In tro d u c tio n  to  E lec trica l P ro p e rtie s  o f 
M ate ria ls  S p ring . C re d it th re e  hou rs. Two le c tu re s , 
o n e  re c ita tio n  o r labo ra to ry .
E le c tro n ic  s tru c tu re  of a tom s, m o le cu le s , a n d  c ry s ta l­
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line so lids . E lec trica l c o n d u c tiv ity  and  o th e r e le c tr ica l 
p ro p e rtie s  of m eta ls, se m ic o n d u c to rs , a n d  insu la to rs. 
S e m ico n d u c to rs  and  th e ir  a p p lic a tio n s  in e le c tro n ic  
d e v ice s . M a g n e tism  an d  m a g n e tic  m ate ria ls . In tro ­
d u c tio n  to lasers.
IP 217  C o n te m p o ra ry  Top ics in A p p lied  
P h ysics  S p ring . C re d it th re e  hours. Two lec tu res , 
re c ita tion -la bo ra to ry . P re requ is ite : P h ys ics  213. V. O. 
K ostroun and  staff.
S e le c te d  e xa m p le s  o f co n te m p o ra ry  a p p lic a tio n s  of 
m o d e rn  ph ys ics . The  o b je c tive  is to  d e v e lo p  a 
se m iq u a n tita tive  u n d e rs ta n d in g  o f th e  u n d e rly in g  
p h ys ica l p r in c ip le s  and  p h e n o m e n a  an d  the  in tr ins ic  
lim its  th e y  p la ce  on a p p lica tio n s . The in te rp la y  
be tw e en  p h ys ics  and  o the r fa c to rs  ( te ch n o lo g ica l, 
s c ie n tific , and , w h en  re levan t, so c ia l)  th a t set lim its  on 
a p p lic a tio n  o f m o d e rn  p h ys ics  a n d  in flu e n ce  its d e ­
ve lo p m e n t. For exam p le , n u c le a r e n e rg y  u tiliza tion  
m a y  b e  s tu d ie d  in te rm s  o f th e  p h y s ic s  o f fiss ion, fu ­
sion, and  p lasm as, a long  w ith  the  te c h n o lo g ic a l and 
soc ia l fa c to rs  a ffec tin g  d e ve lo p m e n t of n uc lea r 
e n e rg y  sou rces . A p p lic a tio n s  of p h y s ic s  in o the r s c i­
e n c e s  su ch  as a s tro p h y s ic s  and  b io lo g y  m ay a lso  be 
s tud ie d .
IP 306  T h e  P h ys ic s  o f L ife  S p ring . C red it th re e  
hours. Two le c tu res . P re requ is ite : P h ys ics  213  o r c o n ­
sen t of instructor. A. Lew is 
The  p h ys ics  o f life  w ith in  the  un ity  a n d  in te rd e p e n ­
d e n ce  o f liv ing  m atter. A  fo u n d a tio n s  co u rse  in 
b io p h y s ic s  and  b io e n g in e e rin g , o r an in tro d u c tio n  to 
the p h ys ica l b as is  of life fo r s tu d e n ts  s p e c ia liz in g  in 
o the r e n g in e e rin g  d is c ip lin e s  o r in ph ys ics . F ocus is 
on p h o to syn th e s is  a n d  th e  u n d e rly in g  m o le cu la r 
ph ys ics . The tw o  p ro d u c ts  of pho to syn th e s is , oxyge n  
and  s ta rch , and  th e ir  fu n c tio n s  in th e  body. H e m o g lo ­
b in p ro te in  s tru c tu re  an d  fu n c tio n . Various fo rm s  of 
the  tra n sp o rt e qu a tion . T he  p h ys ica l bas is  of m e m ­
b ra n e  s tru c tu re  a n d  fu n c tio n . The u tility  o f oxyge n  
and  s ta rch  in a n im a ls  an d  the  c ru c ia l fu n c tio n  o f the  
m e m b ra n e  in th is  b io lo g ic a l in te rd e p e n d e n ce . R e­
p ro d u c tio n  and  th e  c r it ica l ro le o f n u c le ic  a c id s . An 
in tro d u c tio n  to  s ta tis tica l m e ch a n ica l a p p ro a c h e s  to 
n u c le ic  a c id  fu n c tio n . P e rce p tio n  b y  the  o rgan ism .
G ro u p  III 
IAK201 In tro d u ctio n  to  A p p lied  M ech an ics
E ither term . C red it th re e  hours. Two le c tu res , one 
rec ita tion  a w eek; fo u r la b o ra to ry  se ss io n s  p e r term . 
P re requ is ite : re g is tra tio n  in M a th e m a tics  293. S tu ­
d e n ts  m ay not re ce ive  c re d it fo r bo th  IAK201 and  
IA K 2 2 1 , o r fo r bo th  IAK201 and  IA K 2 3 1 .
An in te g ra te d  tre a tm e n t of the  m e ch a n ics  o f so lids  
a n d  f lu ids  for s tu d e n ts  in e n g in e e rin g , life sc ie n ce s , 
a n d  in te rd is c ip lin a ry  p ro g ra m s. C o ns is ts  of an in tro ­
d u c tio n  to  the  fu n dam en ta l c o n c e p ts  of s ta tics , 
d yn a m ics , c o n tin u u m  m e ch a n ics , and  the  p ro p e rtie s  
of m ate ria ls , w ith  a p p lic a tio n  of these  c o n c e p ts  in 
d iscu ss io n s  of severa l p ra c tica l e xa m p le s  d raw n  from  
so lid  and  flu id  m e ch a n ics . The se  in c lu d e  the  to rs ion , 
b e n d in g , and  b u ck lin g  of s tru c tu ra l m e m b e rs , tim e- 
d e p e n d e n t and s ta tica l p ro b le m s  in e la s tic ity  and 
f lu id s  at rest, p e rfe c t flu ids , and  flu ids  w ith  fric tion .
IA K 221 M ec h a n ic s  o f S o lid s  Either te rm  C red it 
th re e  hours. Two le c tu re s , one  rec ita tion ; la b o ra to ry  
p a rtic ip a tio n  fo u r tim e s  p e r te rm . P re requ is ite : re g is ­
tra tio n  in M a th e m a tics  293.
P rin c ip le s  o f s ta tics , fo rce  sys tem s, and  e q u ilib r iu m . 
M e ch a n ics  of d e fo rm a b le  so lids , s tress , s tra in , s ta ti­
ca lly  d e te rm in a te  a n d  in d e te rm in a te  p ro b le m s . P ro p ­
e rties  of e n g in e e rin g  m a te ria ls . A n a lys is  of s le n d e r 
ba rs , sh e a rin g  fo rce , b e n d in g  m om e n t, s in g u la rity  
fu n c tio n s . P lane stress, tra n s fo rm a tio n  o f stress, 
M o h r’s c irc le  o f s tress  and  stra in . B e n d in g  an d  to r­
s ion  o f s le n d e r bars : s tresse s, d e fo rm a tio n s , and  
p la s tic  behavior.
IA K 231 D y n am ic s  E ither te rm . C re d it th re e  hours. 
Tw o le c tu res , one  re c ita tio n ; la b o ra to ry  p a rt ic ip a tio n  
fo u r tim e s  p e r term . P re requ is ite : re g is tra tio n  in 
M a th e m a tics  294.
P rin c ip le s  o f N e w ton ia n  d y n a m ic s  o f a pa rtic le , sys ­
tem s o f pa rtic le s , an d  a r ig id  body. K inem a tics , 
fra m e s  of re fe ren ce , m otion  re la tive  to  a m ov ing  
fram e, im pulse , m om e n tu m , energy. Law s o f m o tion  of 
a sys tem , c e n te r  of m ass, to ta l k in e tic  energy, m o­
m ent of m om e n tu m , co n s tra in ts . R ig id  b o d y  k in e m a ­
tics , a n g u la r ve loc ity , m om ent o f m om e n tu m  an d  the  
in e rtia  tensor, E u ler equ a tio n s , the  g y ro s c o p e . A d ­
v a n c e d  m e th o d s  in d yn a m ics . A s  t im e  perm its : 
g e n e ra liz e d  co o rd in a te s , L a g ra n g e 's  e q u a tio n s , the  
po ten tia l e n e rg y  fu n c tio n , th e  k in e tic  e n e rg y  fu n c tio n , 
a p p lica tio n s . A t th e  level o f A p p lie d  M e c h a n ic s -  
D yn a m ics  by  H o u sn e r an d  H u dson .
ITE261 In tro d u ctio n  to  M ec h a n ic a l P ro p erties  of 
M ate ria ls  E ither te rm . C re d it th re e  hou rs. Two le c ­
tures, on e  re c ita tio n  o r Labora tory.
The  re la tio n  of m e ch a n ica l p ro p e rtie s , s u ch  as 
s tre n g th  in tens io n , to  m ic ro s c o p ic  s tru c tu re s  a n d  d e ­
fe c ts  in s id e  m e ta ls  an d  o th e r m ate ria ls . D e fo rm a tion  
o f ru b b e r- lik e  po lym e rs . P e rm anen t c h a n g e s  in the  
sh a p e  of c rys ta ls  c a u s e d  b y  the  a c tio n  o f s tresses. 
The e ffe c t tha t th e  m ovem en t of a to m s has  on  the 
s tre n g th  of so lid s  a t h igh  te m p e ra tu re s . M a n ip u la tio n  
of th e  m ic ro s c o p ic  s tru c tu re s  o f m a te ria ls  to  p ro d u c e  
h igh  s tre n g th ; sp e c ific  p ra c tic a l e xa m p le s , such  as 
th e  s tre n g th e n in g  o f stee l. H ow  m a te ria ls  fa il b y  f ra c ­
tu re  and  from  fa tigue . In s tru c tio n  m a te ria ls  in c lu d e  
s ho rt m ov ies , s lides , an d  p ro g ra m m e d  in s tru c tio n  
boo k le ts . L a b o ra to ry  w o rk  in c lu d e s  te s tin g  of the  
m e ch a n ica l p ro p e rtie s  of m eta l a lloys  and  rubber, 
and  m ic ro s c o p ic  exa m in a tio n  o f the  s tru c tu re  of som e 
typ ica l m ate ria ls .
G ro u p  IV
Severa l co u rse s  in p h ys ica l a n d  o rg a n ic  ch e m is try  o f­
fe re d  by  the  D e p a rtm e n t of C h e m is try  in the  C o lle g e  
of A rts  and  S c ie n ce s  q u a lify  as e n g in e e rin g  c o re  s c i­
ence s.
2 8 7 -2 8 8  In tro d u c to ry  Ph ys ica l C h e m is try  Fall 
287 ; sp rin g : 288. C re d it th re e  hou rs  p e r te rm . Two or 
o c c a s io n a lly  th re e  le c tu res , one  re c ita tio n ; even ing  
e xa m in a tio n s  m ay b e  s c h e d u le d . P re requ is ites : 
C h e m is try  2 0 8  o r 2 1 6  and  M a th e m a tics  1 9 1 -1 9 2 . B. 
W id o m  (fa ll), A. C. A lb re c h t (sp ring ).
A  sys te m a tic  tre a tm e n t of the  fu n d a m e n ta l p r in c ip le s  
o f p h ys ica l chem istry.
2 6  D iv is io n  o f B as ic  S tu d ies
2 8 9 -2 9 0  In tro d u cto ry  P h ys ic a l C h e m is try  
L a b o ra to ry  Fall: 289 ; sp rin g : 290 . C re d it tw o  hou rs  
p e r te rm . O ne  e ve n in g  lectu re , tw o  la b o ra to rie s  in ­
c lu d in g  so m e  C h e m is try  2 8 7 -2 8 8  re c ita tio n . P re­
requ is ite : 289  is p re re q u is ite  to  290 ; co re g is tra tio n  in 
C h e m is try  2 8 7 -2 8 8  is re q u ire d .
The  d e ve lo p m e n t o f n e e d e d  sk ills  in th e  e xp e rim e n ta l 
a s p e c ts  c o n c e rn e d  w ith  th e  fu n d a m e n ta l p r in c ip le s  of 
p h ys ica l chem istry .
3 5 7 -3 5 8  In tro d u c to ry  O rg an ic  C h e m is try  Fall:
357 ; sp rin g : 358 . C re d it th re e  h o u rs  p e r te rm . T hree 
le c tu res ; o p tio n a l re c ita tio n s  m ay b e  o ffe red ; e ve n in g  
e xa m in a tio n s  m ay b e  sc h e d u le d . P re requ is ite : 
C h e m is try  2 0 8  o r 216 ; C h e m is try  3 5 7  is  p re re q u is ite  
to  358 . J. M e inw a ld .
A  sys te m a tic  s tu d y  o f th e  m ore  im p o rta n t c la s s e s  o f 
c a rb o n  co m p o u n d s , re a c tio n s  o f th e ir  fu n c tio n a l 
g ro u p s , m e th o d s  o f syn thes is , re la tio ns , a n d  uses.
IM G 221 T h e rm o d y n a m ic s  E ither te rm . C red it 
th re e  hours. T hree re c ita tions . P re requ is ites : 
M a th e m a tics  191 an d  192 and  P h ys ics  112.
The  de fin itions , c o n c e p ts , an d  la w s  o f th e r­
m o d yn a m ics . A p p lic a tio n s  to  id ea l a n d  rea l gase s, 
m u ltip h a se  p u re  su b s ta n ce s , g a se o u s  m ix tu re s , an d  
g a se o u s  reac tions . H e a t-e n g in e  a n d  h e a t-p u m p  c y ­
c le s . A n  in tro d u c tio n  to  s ta tis tica l th e rm o d yn a m ics .
IH E 1 10  M ass and  E n erg y  B a la n c e s  E ither te rm . 
C re d it th re e  hou rs. P re requ is ite : on e  ye a r o f fre sh m a n  
c h e m is try  o r c o n se n t o f ins truc to r. R. G. Thorpe . 
C o n te n t is th e  sa m e  as  fo r  IH E 1 11, b u t th is  c o u rse  
uses o n ly  s e l l-p a c e d  a u d io v is u a l in s tru c tio n  a t the  
c o n v e n ie n c e  o f th e  s tu d e n t. A  m in im u m  o f seven ty  
c lo c k  ho u rs  o f a u d io v isu a l in s tru c tio n  is  re q u ire d  to 
m a s te r th e  s u b je c t m atter. S tu d e n t p e rfo rm a n c e  is 
e v a lu a te d  b y  n ine tests , tw o  p re lim in a ry  e xa m in a ­
tions, an d  a  final e xa m in a tio n . S u p e rio r s tu d e n ts  m ay 
e a rn  e xe m p tio n  fro m  th e  fina l exa m in a tio n .
Cornell University
Areas of Instruction
The p ro g ra m  of the  D iv is ion  of B as ic  S tud ies , in w h ich  
all fre sh m e n  an d  so p h o m o re s  a re  e n ro lled , is d e ­
s c r ib e d  in th e  p re c e d in g  sec tion . M ore  sp e c ia liz e d  
a re a s  of in s truc tion , m a in ly  fo r u p p e r-d iv is io n  and  
g ra d u a te  s tuden ts , are  d e s c r ib e d  here.
Aerospace Engineering
See p. 55.
Agricu ltura l Engineering
R iley-R obb  Hall
D e g re e s  O ffered: B a ch e lo r o f S c ience , M aste r of 
E n g in e e rin g  (A g ricu ltu ra l). M aste r of S c ience , D o cto r 
o f Ph ilosophy.
E. S. S h e p a rd so n , d ire c to r; R. D. B lack , J, R. C ooke,
R. B. Furry, W. W. G unke l, D. A. H a ith , L. H. Irw in , W. J. 
Jew e ll, G . Levine, R. C. Loehr, H. A. Lon ghouse , R. T 
Lorenze n , D. C. L u d in g to n , W. F M illier, G. E. Reh- 
kugler, N. R. S co tt, J. W. Spencer.
C o u rse s  o f in s tru c tio n  a re  lis te d  on  pp . 6 8 -7 0 .  A 
c o m p le te  d e s c r ip tio n  o f th e  c o u rs e s  in a g r ic u ltu re  
m ay b e  fo u n d  in th e  A n n o u n c e m e n t o f th e  C o lle g e  o f  
A g ricu ltu re  a n d  L ife  S c iences .
A  jo in t p ro g ra m  in a g r ic u ltu ra l e n g in e e rin g , a d m in is ­
te re d  by  th e  C o lle g e  o f A g ric u ltu re  an d  L ife  S c ie n ce s  
a n d  th e  C o lle g e  of E n g in e e rin g , le a d s  to  th e  d e g re e  
o f B a ch e lo r o f S c ience . S tu d e n ts  a re  re g is te re d  in the  
C o lle g e  o f A g ric u ltu re  and  L ife  S c ie n ce s  fo r th e  first 
th re e  ye a rs  a n d  in th e  C o lle g e  of E n g in e e rin g  fo r the 
fou rth  year. The d e g re e  is a w a rd e d  b y  th e  C o lle g e  of 
E n g ine ering . D u ring  th e  first tw o  yea rs , the  s tuden t 
fo llo w s  the  B a s ic  S tud ies  P rog ram  w ith  a fe w  e x c e p - 
tios, and  d u rin g  th e  last tw o  years , fo llo w s  a C o lle ge  
P rogram .
The p u rp o s e  o f th is  c u rric u lu m  is to  p re p a re  en ­
g in e e rs  fo r c a re e rs  in th e  m any  in d u s trie s  a n d  a g e n ­
c ie s  th a t s u p p ly  th e  g re a t va r ie ty  of p ro d u c ts , 
m ach in es , and  se rv ice s  re q u ire d  fo r c o m m e rc ia l a g ­
ricu ltu re , o r tha t p ro ce ss , hand le , a n d  d is tr ib u te  a g ­
ricu ltu ra l p ro d u c ts . M ore  s p e c ia liz e d  s tu d y  is  o ffe red  
in th e  v a rio u s  g ra d u a te  d e g re e  p ro g ra m s .
Laboratory and Research Facilities
R iley-R obb  Hall, on  th e  c a m p u s  o f th e  C o lle g e  of 
A g ric u ltu re  an d  L ife  S c ie n ce s , p ro v id e s  e xce lle n t 
c la ss ro o m  a n d  la b o ra to ry  fa c il it ie s  fo r bo th  te a ch in g  
and  re se a rch . M a jo r item s o f la b o ra to ry  e q u ip m e n t 
in c lu d e  e le c tr ic  d yn a m o m e te rs , un ive rsa l te s tin g  
m a ch in e s , flu id  flow  d e m o n s tra tio n  a n d  m e te rin g  
eq u ip m e n t, s tra in  m e a su re m e n t in s trum en ts , d ig ita l 
re co rd in g  e q u ip m e n t, an  e le c tro n ic  a n a lo g  com pu te r, 
to rq u e  m ete rs , h ig h -s p e e d  c a m e ra  an d  film  a n a lys is  
e q u ip m e n t, m o d e rn  fa rm  m ach in es , p o w e r un its  an d  
m a te ria ls -h a n d lin g  e q u ip m e n t, so il p ro p e rtie s  an d  
m o is tu re  d e te rm in a tio n  a p p a ra tu s , a n d  c o m p le te  
m a ch in e  sh o p  fac ilit ie s .
L a b o ra to ry  e q u ip m e n t an d  s p a c e  in R ile y -R o b b  Hall 
pe rm it in ve s tig a tio n  of m any  a s p e c ts  of a g r ic u ltu ra l 
w a s te  m ana g e m e n t, in c lu d in g  liq u id  an d  so lid  w a ste  
h a n d lin g , tre a tm e n t and  d isp o sa l, an d  o d o r co n tro l. A 
s e p a ra te  w a s te  tre a tm e n t la b o ra to ry  is  u sed  fo r w a ste  
m a n a g e m e n t p ilo t p lan t s tud ie s .
The  D e p a rtm e n t has an  e x te n s ive  re se a rch  p ro g ra m  
s u p p o rte d  th ro u g h  th e  C o rne ll A g ric u ltu ra l E xp e ri­
m ent S ta tion . Th is  a lso  se rve s  to p ro v id e  m any  s tu ­
de n ts  w ith  o p p o rtu n itie s  fo r p a rt-tim e  w o rk  d u r in g  the  
a c a d e m ic  ye a r a n d  fo r sum m e r em p lo ym e n t.
The Degree Programs
B a ch e lo r o f S c ien c e
A  c u rric u lu m  fo r th e  u n d e rc la s s  ye a rs  is g ive n  below.
Term 1 C re d its
M a th e m a tics  191, C a lcu lu s  fo r 
E n g in e e rs  4
C h e m is try  103 o r 207  3
A g ric u ltu ra l E n g ine e ring  151,
In tro d u c tio n  to  A g ricu ltu ra l 
E n g in e e rin g  M e a su rem en ts  
an d  G ra p h ic s  3
B io lo g ica l S c ie n c e s  101 a n d  103 4
o r 109 3
28  A g ricu ltu ra l E n g in eerin g
L ibera l S tud ies  e le c tive  
(freshm an  se m in a r) 3
Term 2
M a th e m a tics  192, C a lcu lu s  fo r  E n g in e e rs  4
P h ys ics  112, P h ys ics  I 4
A g ric u ltu ra l E n g in e e rin g  152,
E n g in e e rin g  M e a su re m e n ts  an d  G ra p h ic s  3
B io lo g ica l S c ie n ce s  102 an d  104 4
o r 110 3
L ib e ra l s tu d ie s  e le c tive  
(fre sh m a n  se m in a r) 3
Term 3
M a th e m a tics  193, E n g in e e rin g  M a th e m a tics  4
P hys ics  213 , P h ys ics  II 4
E n g in e e rin g  c o re  s c ie n c e  3
E n g in e e rin g  co re  s c ie n c e  3
L ibe ra l s tu d ie s  e le c tive  3
Term 4
M a th e m a tics  294 , E n g in e e rin g  M a th e m a tics  4
P h ys ics  214 , P h ys ics  III 4
E n g in e e rin g  c o re  s c ie n c e  3
E n g in e e rin g  c o re  s c ie n c e  3
L ibe ra l s tu d ie s  e le c tiv e  3
In a d d it io n  to  th e se  co u rse s , all fre sh m e n  a n d  
s o p h o m o re s  m us t sa tis fy  th e  U n ive rs ity 's  re q u ire ­
m en ts  in p h ys ica l e d u ca tio n .
The cu rricu lu m  fo r te rm s  5  th ro u g h  8  m us t co n s is t of:
1. E n g ine e ring : m in im um  of th ir ty  c re d it  hou rs
a. A g ricu ltu ra l e n g in e e rin g : m in im u m  o f tw e lve  c re d it 
hou rs  a t th e  45 0  leve l o r h ig h e r
b. E n g in e e rin g  s c ie n ce s
2. B io lo g ica l sc ie n c e s  o r a g r ic u ltu ra l e lec tives : 
m in im um  o f tw e lve  c re d it  hou rs
3. L ibe ra l s tu d ie s  e le c tive s : m in im um  o f tw e lve  c re d it 
hou rs
4. F ree e le c tive s : m in im u m  o f s ix  c re d it  hou rs
A p p ro p ria te  su m m e r w o rk  e x p e rie n c e  is  e n co u ra g e d , 
a n d  fa c u lty  a d v ise rs  w ill a ss is t th e ir  a d v is e e s  in o b ­
ta in in g  su ita b le  jobs.
To rem a in  in g o o d  s ta n d in g  in A g ric u ltu ra l E n g ine e r­
ing , a  s tu d e n t m us t a tta in  a  w e ig h te d  a v e ra g e  of a t 
least 2 .0  e a c h  term .
A g ric u ltu ra l E n g in e e rin g  M in o r (C o lle g e  Pro­
g ram ). C o lle g e  P rog ram  s tu d e n ts  in te re s te d  in the  
a p p lic a tio n  o f e n g in e e r in g  to  p la n t an d  an im a l sys ­
te m s  m a y  e le c t an  a g r ic u ltu ra l e n g in e e r in g  m inor 
w h ich  has th e  fo llo w in g  re q u ire m e n ts : (1 ) a m in im um  
of s ix  hou rs  of a g r ic u ltu ra l e n g in e e r in g  c o u rs e s  a t the  
40 0  leve l o r abo ve ; (2 ) a  m in im um  of s ix  h o u rs  of 
b io lo g ic a l s c ie n c e  a n d /o r  a g r ic u ltu re  c o u rs e s  b e yo n d  
th e  in tro d u c to ry  b io lo g ic a l s c ie n c e  se q u e n ce ; a n d  (3) 
a m in im um  o f s ix  h o u rs  o f e n g in e e r in g  c o u rs e s  re ­
la te d  to  th e  s tu d e n t’s in te res t in a g r ic u ltu ra l e n g in e e r­
ing . T h e se  c o u rse s  a re  s e le c te d  b y  th e  s tu d e n t in 
c o n su lta tio n  w ith  the  fa c u lty  a d v is e r fo r the  m inor.
M aster o f E n g in eerin g  (A g ric u ltu ra l)
The d e g re e  of M aste r o f E n g in e e rin g  (A g r ic u ltu ra l)  is 
a v a ila b le  as a c u rric u lu m  ty p e  o f p ro fe ss io n a l d e g re e ,
in te n d e d  p rim a rily  fo r  those  s tu d e n ts  w h o  p la n  to 
e n te r e n g in e e r in g  p ra c t ic e  a n d  not fo r  th o se  w h o  e x ­
p e c t to  s tu d y  fo r  th e  d o c to ra te . T h is  p ro g ra m  co n s is ts  
o f c o u rs e s  w h ic h  a re  in te n d e d  to  d e v e lo p  s tu d e n ts ' 
b a c k g ro u n d s  in e n g in e e r in g  d e s ig n  a s  w e ll as  to  
s tre n g th e n  th e ir  fu n d a m e n ta l e n g in e e r in g  base . Six 
hou rs  o f th e  re q u ire d  th ir ty  h o u rs  c o n s is t o f e n g in e e r­
in g  d e s ig n  e x p e rie n c e  in vo lv in g  in d iv id u a l e ffo rt and  
a  fo rm a l report. A d m is s io n  to  th e  M .E ng. (A g ricu ltu ra l)  
p ro g ra m  is o p e n  to  p e rs o n s  w h o  h ave  b ee n  g ra n te d  
a b a c h e lo r 's  d e g re e  fro m  a n  a c c re d ite d  e n g in e e rin g  
cu rric u lu m  o r th e  e q u iv a le n t a n d  w h o  have  su ffic ien t 
tra in in g  to  in d ic a te  th a t th e y  ca n  p ro fita b ly  s tu d y  th e  
a d v a n c e d  c o u rs e s  o ffe red  in th e  p ro g ra m . A  s tu d e n t 
m ay c h o o s e  to  c o n c e n tra te  in one  o f th e  su b a re a s  of 
a g ricu ltu ra l e n g in e e r in g  o r ta ke  a  b ro a d  p ro g ra m  
w ith o u t s p e c ia liz a tio n . The su b a re a s  a re : (a )  p o w e r 
a n d  m ach in e ry , (b )  so ils  a n d  w a te r e n g in e e r in g , (c )  
a g r ic u ltu ra l s tru c tu re s  a n d  a s s o c ia te d  sys tem s, (d )  
e le c tr ic  p o w e r a n d  p ro c e s s in g , an d  (e )  a g r icu ltu ra l 
w a s te  m a n a g e m e n t.
E n g in e e rin g  e le c tive s  a re  c h o s e n  from  am o n g  s u b ­
je c t a re a s  re leva n t to  a g r ic u ltu ra l e n g in e e rin g , su ch  
a s  th e rm a l e n g in e e r in g , m e c h a n ic a l d e s ig n  and  
a na lys is , th e o re tica l a n d  a p p lie d  m e ch a n ics , s tru c ­
tu ra l e n g in e e r in g , h yd ra u lic s , sa n ita ry  e n g in e e rin g , 
so il e n g in e e rin g , an d  w a s te  m a n a g e m e n t.
M aster o f S c ie n c e  and  D o c to r o f P h ilo so p h y
F lex ib le  p ro g ra m s  le a d in g  to  th e  Ph.D . d e g re e  a re  o f­
fe re d  in th e  fo llo w in g  a re a s  of sp e c ia liza tio n : a g r ic u l­
tu ra l e n g in e e r in g , a g r ic u ltu ra l s tru c tu re s , p o w e r a n d  
m ach in e ry , so il a n d  w a te r e n g in e e r in g , e le c tr ic  p o w e r 
a n d  p ro c e s s in g , an d  a g r ic u ltu ra l w a s te  m a n a g e m e n t. 
Tw o m in o r su b je c ts , a t le as t one  o f w h ic h  m ust b e  in 
an  e n g in e e rin g , a g ric u ltu ra l, o r b a s ic  s c ie n c e  s u b je c t 
o u ts id e  th e  F ie ld  of A g ric u ltu ra l E n g in e e rin g , a re  a lso  
se le c te d . C a n d id a te s  fo r  th e  M.S. d e g re e  take  a g ­
ricu ltu ra l e n g in e e r in g  as  th e ir  m a jo r s u b je c t a n d  
s e le c t o n e  m ino r from  o u ts id e  th e  fie ld .
A  b ro a d  a n d  a c tiv e  re se a rch  p ro g ra m , s u p p o rte d  by  
th e  C o rne ll A g ric u ltu ra l E xp e rim e n t S ta tion , g ive s  
g ra d u a te  s tu d e n ts  an  o p p o rtu n ity  to  s e le c t c h a lle n g ­
in g  re se a rch  p ro je c ts  fo r  th e ir  theses . A ss is ta n ts h ip s  
a n d  tra in e e s h ip s  a re  a va ilab le , a n d  p ro v id e  ann ua l 
s t ip e n d s  c o m p a ra b le  to  th o se  o ffe re d  a t o th e r la n d - 
g ra n t in s titu tio ns .
M ore  d e ta ile d  in fo rm a tion , a long  w ith  a p p lic a tio n  
fo rm s  a n d  o th e r d e s c r ip tiv e  in fo rm a tio n  p e rt in e n t to  
M .S. an d  Ph.D . p ro g ra m s  in th is  fie ld , m a y  b e  o b ­
ta in e d  by  w ritin g  to  th e  O ffice  o f th e  G ra d u a te  F a cu lty  
R e p re se n ta tive  (A g r ic u ltu ra l E n g ine e ring ), R iley -R obb  
Hall.
A pp lied  and Engineering 
Physics
C la rk  Hall
D e g re e s  O ffe re d : B a ch e lo r o f S c ience , M a s te r of En­
g in e e r in g  (E n g in e e rin g  P h ys ics), M as te r o f S c ience , 
D o c to r o f P h ilosophy.
A p p lied  and  E n g in eerin g  P h ys ic s  29
B. W  B a tte rm an, d ire c to r; P. L. H a rtm an, a sso c ia te  d i­
recto r; R. A. B uhrm an, K. B, Cady, D. D. C lark, R. K. 
C layton , T. A, Cool, D. R. C o rson , I  R. C u ykenda ll,
H, H, F le ischm ann , S. H u m ph ries , V 0 .  Kostroun,
J. A. K rum hansl, A. K u ckes, B, R. Kusse, A, Lew is,
R. L. Liboff, R. V. Love lace , M .S . N e lk in , E. L. Resler, Jr., 
T. N. R hodin , M. M. Sa ipeter, B. M. S iege l, J, S ilcox,
R. N. Sudan, W  W. W ebb , G. J. W olga.
C o u rse s  of in s tru c tio n  a re  lis te d  on  pp. 7 1 -7 4 .
The so lu tion  o f m any s ig n ifica n t p ro b le m s  in e n g in e e r­
ing and  a p p lie d  s c ie n c e  re q u ire s  a th o ro u g h  know l­
e d g e  of p h ys ics  and  a p p lie d  m a th em a tics , an d  the  
a b ility  to  a p p ly  th is  kn o w le d g e  e ffective ly. The  d e g re e  
p ro g ra m s  of th e  S choo l o f A p p lie d  an d  E ng ine e ring  
P h ys ics  are  d e s ig n e d  to  p ro v id e  e d u ca tio n  in the  
b a s ic  s c ie n ce s  at an in te lle c tu a lly  c h a lle n g in g  level 
an d  to  p re p a re  th e  s tu d e n t fo r a w id e  range  of p o s s i­
b le  sp e c ia liza tio n  in la te r p ro fe ss io n a l d e ve lo p m e n t. 
These  p ro g ra m s  a re  p a rt ic u la rly  su ita b le  fo r s tu d e n ts  
w h o  a re  w illin g  to  d e fe r the  e a rly  s tu d y  of sp e c ific  a p ­
p lica tio n s  in o rd e r to  have  a w id e r c h o ic e  of p ro b le m s 
on w h ich  they  can  la te r w o rk  w ith  c o m p e te n c e  and  
s o p h is tica tio n .
Research and Laboratory Facilities
The S choo l o f A p p lie d  and  E n g ine e ring  P h ys ics  is 
ce n te re d  in C la rk  Hall, w h ich  houses th e  U n ive rs ity ’s 
p h ys ica l s c ie n ce s  lib ra ry ; o ffices  o f the  D e p a rtm e n t of 
P hys ics , th e  M ate ria ls  S c ie n ce  Center, and  th e  P ro­
g ra m  on  S cience , T echno logy, and  S ocie ty ; rese a rch  
la b o ra to rie s  an d  su p p o rtin g  se rv ice s  in so lid  sta te  
p h y s ic s  a n d  m a te ria ls  sc ie n c e ; an d  a c o m p u te r  te r­
m ina l. F ac ilities  o f o th e r U n ive rs ity  la b o ra to rie s  and  
ce n te rs  a lso  a re  a va ila b le  fo r rese a rch  in a p p lie d  and 
e n g in e e rin g  p hys ics ; th e se  in c lu d e  the  C e n te r for 
R a d io p h ys ics  an d  S p a ce  R esearch , the  W ard 
L a b o ra to ry  o f N u c le a r E n g ine e ring , the  L a b o ra to ry  of 
P lasm a S tud ies , an d  fa c ilit ie s  of th e  D iv is ion  o f B io lo g ­
ica l S c ie n ce s  a n d  of o the r sch o o ls  an d  d e p a rtm e n ts  
in th e  C o lle g e  o f E ng ine e ring .
The Degree Programs
B a ch e lo r o f S c ien c e
T he F ie ld  P rogram  in E n g in e e rin g  P h ys ics  is d e ­
s ig n e d  to  d e ve lo p  p ro fic ie n c y  in p h y s ic s  an d  a p p lie d  
m a th e m a tics  w ith  e m p h a s is  on  those  a reas of 
g re a te s t a p p lic a b il ity  to  e n g in e e r in g  a n d  to o the r s c i­
ences. Its d is tin g u is h in g  fe a tu re  is a fo c u s  on  c o n ­
c e p ts  o f b ro a d  a p p lic a b il ity  p re se n te d  in an  in te lle c ­
tu a lly  d e m a n d in g  an d  c h a lle n g in g  co n te x t. For the  
a b le  s tuden t, it p ro v id e s  an o p p o rtu n ity  to  d e v e lo p  a 
ge n e ra l a b ility  to  so lve  d iff ic u lt p ro b le m s  an d  to  a c ­
q u ire  e xp e rie n ce  in m ak ing  s p e c if ic  a p p lic a tio n s . The 
fle x ib ility  o f th e  p ro g ra m  a llo w s  th e  s tu d e n t to  ch o o se  
a re a s  o f c o n ce n tra tio n  w ith in  an d  o u ts id e  o f ph ys ics  
d u rin g  the  u n d e rg ra d u a te  years . M os t s tu d e n ts  g o  on 
to  g ra d u a te  s tu d y  in a w id e  va rie ty  of fie lds , a n d  they  
fin d  tha t th e  s tre n g th  an d  f le x ib ility  of th e ir  u n d e r­
g ra d u a te  p re p a ra tio n  m a ke s  them  d e s ira b le  c a n d i­
d a te s  fo r a d m iss io n  to  m any  d iffe re n t g ra d u a te  an d  
p ro fe ss io n a l p rog ram s.
It is d iff ic u lt to  p re d ic t fo r fre sh m e n  the  p a rt ic u la r 
a re a s  o f e n g in e e rin g  o r a p p lie d  s c ie n c e  tha t w ill a p ­
p e a r m o s t e xc itin g  and  o ffe r th e  b e s t c a re e r o p p o r­
tu n it ie s  w h e n  th e y  en te r th e  jo b  m arke t. C e rta in  g e n ­
era l tre n d s  are  clear, how ever. A s  m ore  d iff ic u lt q u e s ­
t io n s  are  a ske d  in a g ive n  f ie ld , th e re  is g re a te r  need  
to  g o  b a c k  to fu n d a m e n ta l k n o w le d g e  in o rd e r to  find  
answ ers . P a rticu la r te c h n iq u e s  o f a p p lic a tio n  b e c o m e  
ra p id ly  o b so le te , bu t th e  u n d e rly in g  sc ie n tific  base  
c h a n g e s  m uch  m ore  s lo w ly  A lso , s u b je c t a re a s  b e ­
c o m e  m ore  s p e c ia liz e d  a t a d v a n c e d  levels; m any 
su b je c ts  tha t a re  h ig h ly  e xc itin g  a t th e  g ra d u a te  level 
have  no d ire c t u n d e rg ra d u a te  c o u n te rp a rts  o r are  
be tte r p re p a re d  fo r b y  s tu d y  in b a s ic  s c ie n c e  a n d  
m a th e m a tics  than  by  s p e c ia liz e d  u n d e rg ra d u a te  
w o rk . C onverse ly , e x c ite m e n t in th e  s tu d y  o f ph ys ics  
is in c re a s in g ly  th e  resu lt o f its a p p lic a tio n s  in o the r 
sc ie n tific  a re a s  an d  in e n g in e e rin g .
A u n iq u e  o p p o rtu n ity  is a va ila b le  fo r s tu d e n ts  to  have 
d ire c t c o n ta c t w ith  re se a rch  p ro g ra m s  in en g in e e rin g  
p hys ics . The se  a re  sen io r re se a rch  p ro je c ts  w h ich  
a re  taken  fo r  c re d it and  in vo lve  w o rk  in an o n g o in g  
re se a rch  p ro je c t. Q u a lifie d  s tu d e n ts  a re  e lig ib le  to 
e n te r in to  these  p ro g ra m s  as e a rly  as th e  s e co n d  
sem es te r of th e  ju n io r  year.
M any u n d e rg ra d u a te s  w h o  p u rsu e  a m a jo r in en ­
g in e e rin g  p h y s ic s  g o  on  to g ra d u a te  w o rk  in such  
f ie ld s  as a s tro p h y s ic s , a tm o s p h e r ic  sc ie n ce s , 
b io p h y s ic s , e n e rg y  co n ve rs io n , e n v iro n m e n ta l s c i­
ence , g e o p h y s ic s , m a te ria ls  s c ie n c e  a n d  e n g in e e r­
ing , n u c le a r e n g in e e rin g , n u c le a r p h ys ics , o c e a n o g ­
raphy, p la sm a  ph ys ics , qua n tu m  o p tic s , an d  so lid  
s ta te  e le c tro n ic s . S ince  a p ro p e r p re p a ra tio n  fo r 
m any  o f th e se  a reas of s tu d y  d e p e n d s  up o n  an a p ­
p ro p ria te  c h o ic e  of u n d e rg ra d u a te  e le c tive s , each  
s tu d e n t sh o u ld  d is c u s s  h is  o r her p ro g ra m  w ith  an 
e n g in e e rin g  p h y s ic s  fa c u lty  m e m b e r as e a rly  as p o s ­
s ib le  d u r in g  the  u n d e rg ra d u a te  years . S om e cu rre n tly  
a c tive  a re a s  of s tu d y  an d  th e  nam es of p ro fesso rs  
w h o  h ave  sp e c ia l in te re s t in these  a reas are: 
b io p h y s ic s , A. Lew is, W. W. W ebb , an d  B. S iege l; 
g e o p h y s ic s , A. K uckes; m a te ria ls  s c ie n c e , B. W. Bat­
te rm a n , J. S ilcox, an d  T. N. R hod in ; n u c le a r e n g in e e r­
in g , D. C la rk  and  K. B. C ady; la se rs  a n d  q u a n tu m  
e le c tro n ic s , I  Cool and  G. W olga; p la s m a  p h y s ic s , H. 
F le ischm ann , B. Kusse, R. Love la ce , a n d  R. S udan .
A n o th e r a lte rn a tive  fo r s tu d e n ts  w h o  s p e c ia liz e  in en ­
g in e e r in g  p h y s ic s  as u n d e rg ra d u a te s  is e n try  in to  a 
p ro fe ss io n a l M aste r o f E n g ine e ring  p ro g ra m  in e n ­
g in e e rin g  p h ys ics , n u c le a r e n g in e e rin g , o r a e ro sp a ce  
e n g in e e r in g . Further s tu d y  in o th e r p ro fe ss io n a l fie ld s  
fo r w h ich  a b a c k g ro u n d  in a p p lie d  s c ie n c e  is less d i­
re c tly  a p p lic a b le  is a lso  a poss ib ility . S o m e  b a c ­
c a la u re a te  g ra d u a te s  g o  d ire c tly  to  in d u s tria l p o s i­
t io n s  th a t o ften  en ta il o n -th e -jo b  o r a d v a n c e d  tra in in g  
p ro g ra m s.
The  firs t tw o  ye a rs  o f th e  u n d e rg ra d u a te  p ro g ra m  are  
a d m in is te re d  by  the  D iv is ion  o f B a s ic  S tud ies . S tu ­
d e n ts  w h o  a re  p la n n in g  to en te r th e  F ie ld  P rog ram  in 
E n g ine e ring  P h ys ics  a re  e n c o u ra g e d  to  re g is te r in 
hon o rs  s e c tio n s  o f p h ys ics  an d  m a th e m a tics  du rin g  
these  tw o  yea rs . Tho se  w h o  have  a d v a n c e d  s ta n d in g  
in m a th e m a tics  w h en  they  m a tr icu la te  in th e  C o lle g e  
are  a d v is e d  of th e  p o s s ib ility  o f ta k in g  P h ys ics  112 in 
th e  fa ll te rm  o f th e  fre sh m a n  year an d  M a th e m a tics
30  A p p lied  and  E n g in eerin g  P h ys ics
421 in th e  s p r in g  te rm  o f th e  s o p h o m o re  year. O f the  
c o re  e n g in e e rin g  s c ie n c e s  s tu d ie d  in  th e  firs t tw o  
yea rs , a  c o u rs e  in th e rm o d y n a m ic s  (IM G 221 o r P hys­
ica l C h e m is try  287) is re q u ire d . The  c o u rs e s  IP217, 
C o n te m p o ra ry  T op ics  in A p p lie d  P hys ics , a n d  IP306, 
The  P h ys ics  o f Life, a re  s tro n g ly  re c o m m e n d e d  fo r 
th e  so p h o m o re  year.
The  fo llo w in g  cu rric u lu m , o r its  e q u iva le n t, co n s titu te s  
th e  u p p e rc la s s  F ie ld  P rogram .
Term 5  C re d its
IP333, C la ss ica l M e ch a n ics  4
IP355, E le c tric ity  a n d  M a g n e tism  4
A p p lie d  M a th em a tics  I* 4
Free e le c tive  3  o r 4
L ibe ra l s tu d ie s  e le c tiv e  3 o r 4
Term 6
IP461, Q uan tum  M e ch a n ics  4
IP456, E le c tro d yn a m ics  4
A p p lie d  M a th e m a tics  II* 4
E le c tro n ic  C ir c u its t  3  o r 4
L ib e ra l s tu d ie s  e le c tiv e  3  o r 4
Term  7
IP323, S ta tis tica l P h ys ics  4
P h ys ics  410 , E xp e rim e n ta l P h ys ics  4
A p p lie d  M a th e m a tics  III* 4
T ech n ica l e le c tiv e  3 o r 4
L ibe ra l s tu d ie s  e le c tive  3 o r 4
Term  8
IP434, C o n tin u u m  P h ys ics  4
A p p lic a tio n s  o f Q uan tum  M e c h a n ic s t t  3  o r 4
Free e le c tiv e  3 o r 4
T ech n ica l e le c tiv e  3  o r 4
L ibe ra l s tu d ie s  e le c tive  3 o r 4
'A p p lie d  M a th e m a tics  I a n d  II m a y  be e ithe r 
M a th e m a tics  4 2 1 -4 2 2  o r IA A 6 8 0 -6 8 1 . A p p lie d  
M a th e m a tics  III m ay b e  M a th e m a tics  423 , IAA682, o r 
an o th e r m a th e m a tics  c o u rs e  su ch  as  M a th e m a tics  
411 , 427 , 428 , o r  371 . A lte rn a te  c o u rs e s  w ill be  c o n ­
s id e re d  on pe titio n .
tE le c tro n ic  C ircu its  m a y  b e  P h ys ics  36 0  o r an 
e q u iva le n t ju n io r- le ve l e le c tro n ic s  cou rse . 
t t A  c h o ic e  o f th e  fo llo w in g  c o u rs e s  m a y  b e  m ade: 
P h ys ics  454, In tro d u c to ry  S o lid  S ta te  P hysics;
P h ys ics  444 , N u c le a r a n d  F ligh -E n e rg y  P a rtic le  
P hysics; IP609, L o w -E n e rg y  N u c le a r P h ys ics  (fa ll 
te rm ); IP 401 , P h ys ics  o f A to m ic  a n d  M o le cu la r 
P rocesse s (fa ll te rm ); IE E 731 , Q uan tum  E le c tro n ics  I 
(fa ll te rm ).
The s tu d e n t is re m in d e d  th a t o f th e  fo u r u p p e rc la s s  
libe ra l s tu d ie s  e le c tiv e  c o u rse s , tw o  a re  to  be  a t an 
a d v a n c e d  level, (se e  p. 9.)
C o n s id e ra b le  f le x ib ility  is  p o s s ib le  in th e  sch e d u lin g  
o f th e se  co u rse s . For exa m p le , P h ys ics  410  m ay  be  
taken  in te rm  7 o r in te rm  8. Q uan tum  m e c h a n ic s  can  
be  s tu d ie d  in te rm  6  as IP461 o r in te rm  7 as P h ys ics  
443 . The c o u rse  in a p p lic a tio n s  o f qua n tu m  
m e ch a n ics  ca n  b e  taken  w h e n e ve r the  a p p ro p ria te  
p re re q u is ite  has b e e n  m et. If s c h e d u lin g  co n flic ts  
arise, th e  S ch oo l m a y  a llo w  su b s titu tio n s  o f co u rse s  
nea rly  e q u iva le n t to  th e  lis ted  re q u ire d  cou rses : 
P h ys ics  3 2 5 -3 2 6  a n d  IE E 3 1 3 -3 1 4  a re  s im ila r to  IP355
an d  IP456; P h ys ics  31 8  (o ffe red  in th e  s p r in g ) and  
IA C 6 7 0  a re  s im ila r to  IP333; an d  o n e  o f a n u m b e r of 
a d v a n c e d  c o u rs e s  in f lu id  m e c h a n ic s  o r e la s tic ity  are  
s im ila r to  IP434.
Free a n d  te c h n ic a l e le c tiv e s  n e e d  no t b e  a ll fo rm a l 
c o u rs e  w o rk; as  no te d  abo ve , q u a lif ie d  s tu d e n ts  m ay 
u n d e rta ke  in fo rm a l s tu d y  u n d e r th e  d ire c tio n  o f a 
m e m b e r o f th e  facu lty . T h is  m ay in c lu d e  re se a rch  
p ro je c ts  u n d e rta ke n  m os tly  d u r in g  th e  se n io r ye a r in 
a reas  in w h ich  fa c u lty  m e m b e rs  a re  ac tive . These  
a re a s  in c lu d e  e le c tro n  m ic ro s c o p y  a n d  d iffra c tio n , 
q u a n tu m  e le c tro n ic s , s o lid  s ta te  a n d  s u rfa ce  p hys ics , 
a to m ic  ph ys ics , g e o p h y s ic s , b io p h y s ic s , n u c le a r 
s tru c tu re  ph ys ics , n u c le a r e n g in e e rin g , a n d  p la sm a  
ph ys ics .
The  e n g in e e rin g  p h y s ic s  s tu d e n t is e x p e c te d  to  p a ss  
eve ry  c o u rs e  fo r w h ich  he  o r she is  re g is te re d , to  a t­
ta in  e a c h  te rm  a  g ra d e -p o in t a v e ra g e  o f a t least 2.3, 
and  to  d e m o n s tra te  a p t itu d e  a n d  c o m p e te n c e  in the  
b a s ic  s u b je c t m a tte r o f th e  cu rricu lu m .
A rea s  o f C o n c e n tra tio n  T h ro u g h  a  ju d ic io u s  
c h o ic e  of e le c tiv e s  in th e  first tw o  years , a s tuden t 
w h o  p la n s  to  e n ro ll in e n g in e e rin g  p h y s ic s  c a n  d e ­
v e lo p  a c o h e re n t su p p le m e n ta ry  p ro g ra m . Th is  can  
b e  im p o rta n t in p re p a r in g  fo r g ra d u a te  w o rk  in m any 
in te rd is c ip lin a ry  fie lds . Four ty p ic a l e x a m p le s  a re  the  
fo llo w in g :
1. B io p h ys ics .  A  s tu d e n t in te re s te d  in b io p h y s ic s  
m ay c h o o s e  e le c tiv e s  in b io lo g y  a n d  c h e m is try  to 
c re a te  a  c o h e re n t b io p h y s ic s  m a jo r w ith in  the  e n g i­
ne e rin g  p h y s ic s  cu rric u lu m . The s tu d e n t b e g in s  w ith  
th e  in tro d u c to ry  b io lo g y  c o u rse s , B io lo g ic a l S c ie n ce s  
1 0 1 -1 0 3  an d  102 -10 4 , as na tu ra l s c ie n c e  e le c tiv e s  in 
th e  fre sh m a n  year. (It sh o u ld  be  no te d , how ever, th a t 
a s tu d e n t w ith  g o o d  p re p a ra tio n  in h ig h  schoo l b io l­
o g y  m a y  qua lify , b y  ta k in g  th e  n e c e s s a ry  p la c e m e n t 
e xa m in a tio n s  in th e  fa ll, fo r B io lo g ica l S c ie n ce s  109, 
w h ic h  o ffe rs  in tro d u c to ry  b io lo g y  in on e  te rm .) A  g o o d  
se le c tio n  o f e le c tiv e s  fo r th e  s o p h o m o re  y e a r w o u ld  
b e  IP306, The P h ys ics  o f Life, taken  in th e  s p rin g  
te rm , an d  th e  o rg a n ic  ch e m is try  s e q u e n c e  2 5 3  in the  
fa ll te rm  a n d  e ith e r 301 (a  fo u r-h o u r c o u rse ) o r 251 (a 
tw o -h o u r c o u rs e ) in th e  s p r in g  te rm . D u rin g  th e  ju n io r 
ye a r th is  s tu d e n t c o u ld  e le c t P h ys ica l C h e m is try  
3 8 9 -3 9 0 . The  s e n io r-ye a r re q u ire m e n t fo r  a c o u rs e  in 
a p p lic a tio n s  o f q u a n tu m  m e c h a n ic s  c o u ld  b e  m e t by  
ta k in g  P h ys ics  454 , A p p lie d  a n d  E n g in e e rin g  P h ys ics  
IP 4 0 1 , C h e m is try  794 , o r  C h e m is try  798. Finally, te c h ­
n ica l e le c tiv e s  th a t w o u ld  b e  a p p ro p ria te  fo r th is  s tu ­
d e n t in c lu d e  the  A p p lie d  a n d  E n g in e e rin g  P h ys ics  
c o u rs e s  IP 6 0 1 , IP603, IP605, an d  IP610; an d  B io lo g i­
ca l S c ie n c e s  c o u rs e s  3 1 3  (H is to lo g y ), 4 1 0 -4 1 1  
(G en e ra l A n im a l P h ys io logy ), 431 (P r in c ip le s  of 
B io ch e m is try ), 321 (N e u ro b io lo g y  a n d  B e hav io r), 42 5  
(V is ion ), 2 8 0 -2 8 1  (H u m a n  G e n e tic s ), an d  3 8 6  (A n im a l 
E m bryo lo gy ).
2. G e o p h y s ic s . A  s tu d e n t in te re s te d  in g e o p h y s ic s  
m a y  c h o o s e  g e o lo g ic a l sc ie n c e s  c o u rs e s  IG E 101- 
102 o r e lse  IGE101 a n d  C h e m is try  20 8  as  na tu ra l s c i­
e n c e  e le c tive s  in th e  fre sh m a n  year. In th e  s o p h o ­
m ore  y e a r an a p p ro p ria te  c h o ic e  o f e n g in e e r in g  s c i­
e n c e s  w o u ld  b e  IEE210, ITE261, IM G 221 , a n d  IP217. 
In th e  ju n io r  y e a r th e  g e o lo g ic a l s c ie n c e s  s e q u e n c e  
IG E 3 55 -356  o r IG E 3 25 a n d  IG E 376 w o u ld  be  a p p ro ­
p ria te  e le c tive s . S e n io r-ye a r e le c tiv e s  c o u ld  in c lu d e
A p p lied  and E n g in eerin g  P h ys ic s  31
IG E 485 and  IG E388. The  a p p lic a tio n s  o f qua n tu m  
m e c h a n ic s  re q u ire m e n t w o u ld  b e  m et b e s t w ith  
P h ys ics  454.
3. N u c le a r E n g ine e ring . A  s tu d e n t in te res ted  in n u ­
c le a r e n g in e e rin g  o r n u c le a r s c ie n c e  w o u ld  be  a d ­
v ise d  to  s e le c t IEE210, IM G 2 2 1 , an d  IP 217 as th re e  
o f th e  s o p h o m o re  e n g in e e rin g  c o re  sc ie n ce s . A p ­
p ro p r ia te  e le c tive s  in la te r te rm s  w o u ld  be  IP201 in 
te rm  5, IP609 as th e  re q u ire d  c o u rse  in a p p lic a tio n s  
o f q u a n tu m  m e c h a n ic s  in te rm  7, and  IP612 as a 
te c h n ic a l e le c tiv e  in te rm  7.
4. Lase rs  a n d  Q uan tum  E lec tron ics . A  s tu d e n t in ­
te re s te d  in lasers  an d  qua n tu m  e le c tro n ic s  m ay 
ch o o se  co u rse s  IP217, IEE210, an d  IM G 221 fo r the 
s o p h o m o re  e n g in e e rin g  s c ie n c e  re q u ire m e n t. D u ring  
the  ju n io r ye a r a n y  o f severa l co u rse s  m a y  b e  a p ­
p rop ria te ; e.g ., P hys ica l C h e m is try  3 8 9 -3 9 0 .  The  a p ­
p lica tio n s  o f q u a n tu m  m e c h a n ic s  re q u ire m e n t shou ld  
b e  m et w ith  e ithe r IP401 (fa ll te rm ) o r P h ys ics  454  
(s p rin g  te rm ). The fa ll te rm  te c h n ic a l e le c tiv e  m igh t 
b e  C h em is try  681, A p p lie d  and  E n g ine e ring  P h ysics 
IP 4 0 1 , o r E lec trica l E n g in e e rin g  IE E 411. The re c o m ­
m e n d e d  te c h n ic a l e le c tive  fo r th e  s p r in g  te rm  of the  
sen io r year is E le c trica l E n g ine e ring  IEE430. An 
a lte rna tive  se le c tio n  fo r se n io r-ye a r te c h n ic a l e le c ­
tives , re c o m m e n d e d  fo r s tro n g  s tuden ts , is th e  q u a n ­
tum  e le c tro n ic s  se q u e n c e  IEE731 -  732.
S im ila r p ro g ra m s  m ay b e  set up  in o th e r areas, such  
as p la sm a  p h y s ic s  a n d  m a te ria ls  sc ie n ce ; e xa m p le s  
are  a va ila b le  at th e  o ffice  o f th e  S ch oo l of A p p lie d  
an d  E n g ine e ring  P hys ics . S tu d e n ts  in te res ted  in th is  
k in d  of in te rd is c ip lin a ry  s tu d y  are  u rg e d  to d e ve lo p  
p ro g ra m s  tha t m eet th e ir  s p e c ific  o b je c tiv e s  at the  
ea rlies t p o ss ib le  tim e. T hey a re  a d v is e d  to c o n su lt 
w ith  one  o f th e  p ro fe sso rs  lis te d  in th is  s e c tio n  un d e r 
p a rtic u la r a reas  of in te res t o r w ith  th e  a sso c ia te  d ire c ­
to r of th e  S ch oo l, P. L. H a rtm an.
T h e  C o lle g e  P rog ram  S tuden ts  w h o  e le c t to  d e ­
v e lo p  a  C o lle g e  P rog ram  (see  pp . 38 -42 ) m ay 
ch o o se  a  m a jo r from  an  a rea  o f a p p lie d  ph ys ics . A 
C o lle g e  P rog ram  m a jo r in n u c le a r e n g in e e rin g , fo r 
exa m p le , m ig h t in c lu d e  th e  a p p lie d  an d  e n g in e e rin g  
p h y s ic s  c o u rse s  IP201 an d  IP303, p lu s  tw o  o f th e  fou r 
co u rse s  IP612, IP651, IP633, a n d  IP609. A lso  a va ila ­
b le  is a C o lle g e  P rogram  in E n e rg y  C o nve rs ion , a 
syn th e s is  o f nuclear, the rm a l, and  e le c tr ic a l e n g in e e r­
ing  s tud ie s . Th is  p ro g ra m  is d e s c r ib e d  on  p. 39. C o n ­
su lta tio n  w ith  fa c u lty  m e m b e rs  in the  g e n e ra l a re a  of 
th e  d e s ire d  m a jo r m ust b e  m a d e  b e fo re  e m b a rk in g  
on  a C o lle g e  P rogram .
M aster of E n g in eerin g  (E n g in e e rin g  P h ys ics)
The p rim a ry  o b je c tiv e  of th e  fifth  ye a r o f s tu d y  in en ­
g in e e rin g  p h y s ic s  is to  p ro v id e  an o p p o rtu n ity  fo r a d ­
v a n c e d  s tudy ; s tu d e n ts  w ho  earn  th e  M .E ng. (E n­
g in e e r in g  P hys ics) d e g re e  m ay m ove  in to  d e v e lo p ­
m ent o r re se a rch  p ro g ra m s  in a p p lie d  p h y s ic s  in in­
d u s tr ia l o r g o ve rn m e n ta l in s titu tio ns . The p ro g ra m  
m a y  a lso  se rve  as a  p re p a ra tio n  fo r m o re  a d v a n c e d  
g ra d u a te  w o rk  in a p p lie d  p hys ics , o r as e xp lo ra to ry  
s tu d y  fo r th e  s tu d e n t in te re s te d  in s ta rtin g  g ra d u a te  
w o rk  b u t not re a d y  to  m ake  a c o m m itm e n t to  a 
sp e c ific  fie ld . Finally, it p ro v id e s  an o p p o rtu n ity  to  
sa tis fy  p re re q u is ite  c o u rs e  w o rk  in c e rta in  new  areas
of g ra d u a te  s tu d y  w h ich  in vo lve  a co m b in a tio n  o f en ­
g in e e r in g  o r a p p lie d  p h ys ics  w ith  a n o th e r p ro fe s ­
s io na l b u t n o n te ch n ica l d isc ip lin e .
G ene ra l re q u ire m e n ts  fo r th e  M .E ng. d e g re e , g ive n  
on p. 13 p e rm it c o n s id e ra b le  f le x ib ility  in th e  co u rse  
p ro g ra m , an d  e n g in e e rin g  p h ys ics  s tu d e n ts  p lan  in ­
d iv id u a l c u rr ic u la  in c o n su lta tio n  w ith  th e  p ro g ra m  
ch a irm a n . S p e c ific  re q u ire m e n ts  fo r th e  M .E ng. (En­
g in e e rin g  P h ys ics) d e g re e  a re  th e  fo llo w in g :
1. The re q u ire d  th irty  c re d it hou rs  m ust in c lu d e  a 
m in im um  o f s ix in a g ra d u a te - le ve l c o u rs e  sequ ence . 
The  p ro g ra m  m ust a lso  in c lu d e  a g ra d u a te -le ve l 
c o u rs e  in q u a n tu m  m e c h a n ic s  an d  a  fo u rth -y e a r or 
g ra d u a te - le ve l co u rse  in s ta tis tica l m e ch a n ics , o r 
th e ir  e q u iva le n ts , u n less  su ch  c o u rs e s  have  bee n  
taken  as  p a rt o f th e  u n d e rg ra d u a te  p ro g ra m . In a d d i­
tion , th e  s tu d e n t m ust a tte n d  a s e q u e n c e  o f a p p ro x i­
m a te ly  fifteen  s c h e d u le d  U n ive rs ity  se m in a rs  o r co l-  
lo q u ia  ch o se n  in c o n su lta tio n  w ith  th e  ch a irm a n  o f th e  
p ro g ra m .
2. The  p ro je c t re q u ire m e n t m ay b e  sa tis fie d  b y  an 
in fo rm a l s tu d y  o r p ro je c t, e xp e rim e n ta l o r ana ly tica l, 
w h ich  re q u ire s  in d iv id u a l e ffo rt an d  is c o m p le te d  w ith  
a fo rm a l report. Th is  c a rrie s  a t least s ix  hou rs  of 
c re d it. It is usua lly  c o m p le te d  b y  th e  en d  of th e  s e c ­
o n d  se m e s te r b u t p e rm iss io n  to  co n tin u e  th ro u g h  the  
sum m e r m a y  b e  o b ta in e d . If th e  p ro je c t is e x p e rim e n ­
ta l, o n e  co u rse  in m a th e m a tics  o r a p p lie d  m a th e m a ­
tic s  at th e  g ra d u a te  level is re q u ire d ; if th e  p ro je c t is 
a n a ly tica l, on e  te rm  in e xp e rim e n ta l la b o ra to ry  
p h y s ic s  at th e  g ra d u a te  level o r its e q u iva le n t m ust 
b e  taken . The s tu d y  o r p ro je c t is c h o se n  in c o n s u lta ­
t ion  w ith  th e  ch a irm a n  of th e  p ro g ra m  an d  is c a rrie d  
ou t u n d e r th e  persona l d ire c tio n  o f an a p p ro p ria te  
m e m b e r o f th e  e n g in e e r in g  o r s c ie n c e  faculty.
In q u irie s  a b o u t th e  s tu d y  p ro g ra m , a va ila b le  fac ilit ie s , 
a d m iss io n  req u ire m e n ts , o r finan c ia l a id  shou ld  be 
a d d re s s e d  to  the  P rog ram  C ha irm a n , M aste r of 
E n g in e e rin g  (E n g in e e rin g  P h ys ics), C la rk  Hall.
M aster o f E n g in e e rin g  (N u c lear)
T h is p ro g ra m  is d e s c r ib e d  u n d e r the  N u c le a r S c ie n ce  
an d  E n g ine e ring  se c tio n  of th is  A n n o u n ce m e n t.
M aster o f S c ien c e  and  D o cto r o f P h ilo so p h y
T he g ra d u a te  p ro g ra m  in the  F ie ld  of A p p lie d  P h ysics 
p ro v id e s  a m eans fo r s tu d e n ts  w ith  u n d e rg ra d u a te  
tra in in g  in p h y s ic s  to b ra n c h  o u t in to  a p p lie d  s c ie n c e  
w h ile  co n tin u in g  th e  s tu d y  of p h y s ic s  an d  fo r s tu d e n ts  
w ith  b a c k g ro u n d s  in e n g in e e rin g  o r a n o th e r s c ie n c e  
to e x te n d  th e ir  kn o w le d g e  of p h ys ica l s c ie n c e  p r in c i­
p le s  an d  te ch n iq u e s . A  s tu d e n t m ay  c h o o s e  fo r 
s p e c ia liza tio n  a n d  th e s is  re se a rch  any  s u b je c t tha t 
in vo lve s  the  a p p lic a tio n  o f p r in c ip le s  o f p h y s ic s  a n d  
m a th e m a tics . The fo rm a l c o u rse  p ro g ra m s  le a d in g  to  
th e  M.S. and  Ph.D. d e g re e s  co n ta in  a c o re  o f ph ys ics  
a n d  m a th e m a tics  co u rse s , bu t in d iv id u a l p ro g ra m s  of 
s tu d y  a re  d e s ig n e d  to  m eet th e  n e e d s  and  in te res ts  
o f e a ch  s tuden t. P rog ram s in vo lv in g  severa l 
a c a d e m ic  d is c ip lin e s  a n d  to p ic s  th a t a re  u n d e rg o in g  
tra n s itio n  from  fu n d a m e n ta l p h ys ics  to  a p p lie d  
p h y s ic s  a re  re a d ily  a c c o m m o d a te d .
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C u rre n t a re a s  of a d v a n c e d  s tu d y  an d  re se a rch  in­
c lu d e : b io p h y s ic s , ch e m ic a l ph ys ics , p h y s ic s  of 
flu ids , g e o p h ys ics , n u c le a r an d  re a c to r ph ys ics , o p ­
tic s , p la sm a  a n d  th e rm o n u c le a r ph ys ics , rad ia tion  
a n d  m atter, so lid  s ta te  p h y s ic s  a n d  m a te ria ls  sc ie nce , 
s p a c e  p h ys ics , an d  su rfa c e  p h ys ics . S p e c ific  re ­
s e a rc h  p ro je c ts  in w h ich  g ra d u a te  s tu d e n ts  in a p p lie d  
p h ys ics  a re  cu rre n tly  p a rt ic ip a tin g  in c lu d e : tu n e a b le  
la se r Ram an s p e c tro s c o p y  o f th e  v isu a l p rocess , 
m e ch a n ism s  of a u d ito ry  o rg a n s , d y n a m ic s  of 
b io m o le c u la r  lip id  a n d  ce ll m e m b ra n e s , b io c h e m ic a l 
k in e tics , e le c tro n  m ic ro s c o p y  of b io m a c ro m o le cu la r 
s tru c tu re s , p h o to syn th e tic  re a c tio n  ce n te rs , c h e m ica l 
lasers  an d  m o le cu la r e n e rg y  transfer, o b se rva tio n s  of 
c r it ica l p h e n o m e n a  in f lu id s  u s in g  h o m o d yn e  s p e c ­
trosco py, e le c tro m a g n e tic  s o u n d in g  of th e  e a rth ’s 
m antle , a n a lys is  o f n u c le a r s tru c tu re  b y  s tu d ie s  o f the  
d e c a y  o f s h o rt- live d  ra d io n u c lid e s  fo rm e d  in a nu ­
c le a r reactor, h ig h -re so lu tio n  e le c tro n  m ic ro s c o p y  
an d  e n e rg y -a n a lyz in g  e le c tro n  m ic ro sco p y , s tu d ie s  of 
qu a n tu m  e le c tro n ic s  u s in g  in fa re d  sp e c tro sco p y , e x ­
p e rim e n ta l and  th e o re tica l s tu d ie s  on  th e  co n fin e m e n t 
an d  hea ting  o f th e rm o n u c le a r p la sm a s  us ing  re la tiv is - 
t ic  e le c tro n  bea m s, th e o re tica l a n d  e xp e rim e n ta l 
s tu d ie s  o f p la sm a  a n d  h y d ro d y n a m ic  tu rb u le n ce , 
s ta tis tica l p h ys ics  o f a m o rp h o u s  sys tem s, pha se  
tra n s fo rm a tio n s  at h ig h  p ressu res , q u a n tu m  s u p e r­
c o n d u c tiv ity  an d  d e v ic e s , a to m ic  a n d  m ic ro s c o p ic  
p ro p e rtie s  of so lid  s u r fa ce s  u s in g  p h o to e m iss io n  
e le c tro n  tu n n e llin g  s p e c tro s c o p y  an d  e le c tro n  d iffra c ­
t ion , an d  e xp e rim e n ta l s tu d ie s  o f a to m ic  co llis io n s  
and  X -ray p hys ics .
D e ta ils  o f th e  p ro g ra m , re q u ire m e n ts  fo r a dm iss ion , 
an d  a reas of a d v a n c e d  s tu d y  a re  g ive n  in th e  A n ­
n o u n c e m e n t o f  the  G ra d u a te  S c h o o l (see  p. 4). A  
sp e c ia l A n n o u n ce m e n t, G ra d u a te  S tu d y  in  E n g in e e r­
in g  a n d  A p p lie d  S c ience ,  in c lu d e s  a s e c tio n  on 
a p p lie d  p hys ics . Furthe r in fo rm a tion  m a y  b e  o b ta in e d  
from  the  G ra d u a te  F a cu lty  R e p re se n ta tive  (A p p lie d  
P h ys ics), C la rk  Flail.
Bioengineering
or m e d ic ine , o r (2) a d d it io n a l s tu d y  in th e  e n g in e e rin g  
fie ld . The w is d o m  o f re ta in in g  tw o  o p tio n s  has  p ro ve d  
itse lf; th e  fa c u lty  o f th e  C o lle g e  is s tro n g ly  co m m itte d  
to  th e  id e a  th a t s tu d e n ts  b e  a d e q u a te ly  p re p a re d  e n ­
g in e e rs  w ith  a  va rie ty  o f o p tio n s  u p o n  g ra d u a tio n .
A  fe w  s tu d e n ts  h ave  s u ffic ie n t e x p e rie n c e  to  d e c id e  
u p o n  an  a re a  o f s p e c ia liz a tio n  w ith o u t re ta in in g  o the r 
op tio n s . For th e se  s tu d e n ts  an  in d iv id u a liz e d  c u r­
r icu lu m  c a n  b e  d e s ig n e d  w ith in  the  C o lle g e  P rogram  
(see  p. 39). Th is  P rog ram  has  be e n  u s e d  e ffe c tiv e ly  
b y  s tu d e n ts  w h o se  p r in c ip a l e d u c a tio n a l a im  w as 
m a tr icu la tio n  in a m e d ica l c o lle g e  a n d  b y  a  fe w  
b io e n g in e e r in g  s tu d e n ts  w h o  w is h e d  to  c o m b in e  d if­
fe re n t e n g in e e r in g  e m p h a se s . S in ce  th e re  is  no  set 
c u rr ic u lu m  in th e  C o lle g e  P rog ram , th e  ke y  to  fo r­
m u la tin g  a v ia b le  b io e n g in e e r in g  c o u rs e  o f s tu d y  lies 
in w o rk in g  w ith  a p p ro p ria te  fa c u lty  a d v is e rs  w h o  are 
k n o w le d g e a b le  in th e  m a jo r a n d  m in o r a re a s  o f c o n ­
ce n tra tio n . S u g g e s tio n s  fo r s u ita b le  fa c u lty  a d v ise rs  
m ay b e  o b ta in e d  from  th e  A d v is in g  a n d  C o u n se lin g  
Center, 170 O lin  Flail.
D u rin g  th e  first tw o  yea rs , all s tu d e n ts  in th e  C o lle g e  
o f E n g in e e rin g  a re  e n ro lle d  in th e  D iv is ion  o f B a s ic  
S tu d ie s  to  p u rs u e  a  p ro g ra m  c o m b in in g  s p e c ifie d  
co u rs e  w o rk  w ith  e le c tiv e s  a p p ro p ria te  to  th e ir  fie ld  of 
in te res t.
The  fo llo w in g  p ro g ra m  is  s u g g e s te d  as  a  g u id e ; it is 
u n d e rs to o d  th a t e a c h  b io e n g in e e r in g  s tu d e n t w ill d is ­
c u s s  h is  o r h e r p la n s  ca re fu lly  w ith  a  fa c u lty  a d v ise r 
be fo re  m a k in g  d e c is io n s  re g a rd in g  a  c o u rs e  of study.
B io e n g in e e rin g  a t C o rne ll is  d ive rse , w ith  s p e c ific  
b io e n g in e e r in g  a n d  p re m e d ic a l s tu d ie s  o ffe re d  in the  
D iv is ion  o f B a s ic  S tu d ie s  a n d  m ost o f th e  u p p e rc la s s  
e n g in e e r in g  fie lds . Norm ally, s tu d e n ts  in te re s te d  in 
b io e n g in e e rin g  c o m p le te  th e ir  e n g in e e r in g  and  bas ic  
s c ie n c e  p re re q u is ite s , in c lu d in g  b io lo g y  a n d  o rg a n ic  
chem istry , d u rin g  th e ir  fre sh m a n  an d  s o p h o m o re  
years . In th e  ju n io r a n d  sen io r years, s tu d e n ts  p u rsu e  
b io e n g in e e rin g  o p tio n s  w ith in  th e ir  c h o se n  e n g in e e r­
ing fie ld s  by  c h o o s in g  th e ir  e le c tive s  to  s u p p o rt th e ir  
sp e c ia l g o a ls  w ith o u t d e tra c tin g  fro m  th e  essen tia l 
e n g in e e r in g  fo u n d a tio n  p ro v id e d  b y  a F ie ld  P rogram .
W hen p u rsu in g  a b io lo g ic a l e m p h a s is  in an o rg a n iz e d  
d e g re e -g ra n tin g  u n d e rg ra d u a te  fie ld , s tu d e n ts  re ­
ce iv e  o u ts ta n d in g  p re p a ra tio n  in th e  p a rt icu la r fie ld  o f 
e n g in e e rin g , p lu s  th e  b a c k g ro u n d  to  a p p ly  th is  
kn o w le d g e  in d iv e rs e  a re a s  o f eco logy , b io logy, o r 
m e d ic in e . By c a re fu l se le c tio n  of e le c tiv e s  a s tu d e n t 
w ill c o m p le te  th e  sen io r yea r w ith  th e  e d u ca tio n a l o p ­
tio n  of: (1 ) fu rth e r g ra d u a te  s tu d y  in b io logy, eco logy,
Term  7
M a th e m a tics  191, C a lcu lu s  fo r 
E n g in e e rs  
C h e m is try  207 , G ene ra l C h e m is try  
E n g in e e rin g  IBE105, E lem en ts  o f ' 
E n g in e e rin g  C o m m u n ica tio n  
B io lo g ica l S c ie n c e s  101 and  103, 
o r 105, o r 109*
L ib e ra l s tu d ie s  e le c tiv e
Term 2
M a th e m a tic s  192, C a lc u lu s  fo r 
E n g ine e rs  
C h e m is try  208 , G ene ra l C h e m is try  
B io lo g ica l S c ie n ce s  102 an d  104, 
o r 106, o r 110*
P h ys ics  112, P h ys ics  I: M e ch a n ics  
a n d  FI eat 
L ibera l s tu d ie s  e le c tive
Term 3
M a th e m a tics  293 , E n g in e e rin g  
M a th e m a tics  
P h ys ics  213 , P h ys ics  II: E le c tric ity  
and  M a g n e tism  
E n g in e e rin g  c o re  s c ie n c e  
C h e m is try  253 , E lem en ta ry  
O rg a n ic  C h e m is try  
o r
C h e m is try  357 , In tro d u c to ry  
O rg a n ic  C h e m is try t 
L ibe ra l s tu d ie s  e le c tiv e
Term 4
M a th e m a tics  214 , E n g in e e rin g  
M a th e m a tics
C re d its
C h em ica l E n g in eerin g  33
P hys ics  214, P h ys ics  III: O p tics ,
W aves, and  P a rtic les 3
E n g ine e ring  co re  sc ie n ce 3
C h em is try  251 , E lem enta ry
O rg a n ic  La b o ra to ry 2
or
C h em is try  358, In tro d u c to ry
O rg a n ic  C h e m is try t 3
L ibera l s tud ie s  e le c tive  3
*E ith e r  B io lo g ica l S c ie n c e s  101 and  103, 102 and 
104, o r 105 and 106 are  re c o m m e n d e d  fo r b io lo g y  
m a jo rs  and  w ill se rve  s a tis fa c to rily  fo r p re m e d  s tu ­
den ts ; a lte rnative ly , the  no n m a jo r co u rse s  109 and 
110 co u ld  be  chose n . S tu d e n ts  w h o  a re  free  to  a tten d  
S u m m er S ess ion  m ay w ish  to  take  th e  b io lo g y  
se q u e n ce , in w h o le  o r in part, d u rin g  the  sum m er, as 
th is  ease s  the  w o rk  load  d u rin g  th e  a c a d e m ic  year. 
tS tu d e n ts  a re  e n c o u ra g e d  to d is c u s s  w ith  the ir a d ­
v ise rs  w h e th e r ch e m is try  is a p p ro p ria te  to  th e ir  in­
te re s ts  an d  w h ich  ch e m is try  co u rse s  are  m ost su ita ­
ble. (C hem ica l e n g in e e r in g  m a jo rs  w o u ld  ch o o se  
C h e m is try  287, 289 , 288 , 290 , P hys ica l C h e m is try )
U s ing  th is  cu rricu lu m  as  a b a s ic  gu ide , s tu d e n ts  
shou ld  co n su lt th e ir  a d v ise rs  re g a rd in g  p o ss ib le  v a r i­
a tion s  tha t m igh t s tress  p a rt icu la r needs or unusua l 
s itua tio ns . C u rren t c o p ie s  of M e d ic a l S ch o o l A d m is ­
s ions  R e q u ire m e n ts  w h ich  lis ts  a p p ro p ria te  courses , 
are  a va ila b le  in th e  A d v is in g  and  C o u n se lin g  Center, 
a long  w ith  ca ta lo g s  from  m any u n ive rs itie s  tha t o ffer 
g ra d u a te  b io e n g in e e r in g  p rog ram s.
The m any co u rse  p ro g ra m s  a va ila b le  to b io e n g in e e r­
ing s tu d e n ts  in u p p e rc la s s  e n g in e e rin g  f ie lds  ca n n o t 
be  d e s c r ib e d  in th is  A c c o u n c e m e n t  b e ca u se  of 
s p a c e  lim ita tions . D e ta iled  d e s c r ip tio n s  o f these  
co u rse  o ffe rings  and  s u g g e s te d  c u rr ic u la  are, how ­
ever, essen tia l fo r b io e n g in e e r in g  s tu d e n ts  w h o  are 
seek ing  to  m ake  an in te llig e n t d e c is io n  re g a rd in g  a 
fie ld  of s tudy  fo r the  ju n io r an d  sen io r years. B efore 
p re re g is te r in g  fo r the  so p h o m o re  year, b io e n g in e e r­
ing  s tu d e n ts  shou ld  o b ta in  from  the  E n g in e e rin g  A d ­
v is ing  a n d  C o u n se lin g  Center, a c o p y  of B io e n g in e e r­
in g  a t C o rn e ll w h ich  p ro v id e s  th e  in fo rm a tion  n e c e s ­
sary fo r p u ttin g  th e  d e c is io n -m a k in g  p ro c e s s  in 
p e rspec tive .
Chem ical Engineering
O lin Hall
D e g re e s  O tte red : B a ch e lo r o f S c ience , M aste r o f En­
g in e e rin g  (C hem ica l), M aste r of S c ience , D o c to r of 
Philosophy.
J. C. Sm ith, d ire c to r: J. L. A n d e rso n , J. R. A n de rson , 
K. B. B ischoff, G. G. C ocks, R. K. Finn, R H arrio tt,
E R o driguez, G. E S ch ee le , M. L. Shuler,
J. E S tevenson , R. G. Tho rpe , R. L. Von B erg,
H. E W ie g a n d t, R. York.
C o u rse s  of in s tru c tio n  a re  lis ted  on pp. 7 4 -7 7 .
C h em ica l e n g in e e rin g  in vo lves  th e  a p p lic a tio n  o f the  
p r in c ip le s  of the  p h ys ica l s c ie n ce s  an d  m a th e m a tics  
and  of e n g in e e rin g  ju d g m e n t to  fie lds  in w h ich  m atte r 
is trea ted  to  e ffec t a ch a n g e  in state, e n e rg y  con ten t, 
or ch e m ica l co m p o s itio n . M any ch e m ica l e n g in e e rs
are  e m p lo y e d  in the  p ro c e s s  in d u s trie s , in w h ich  raw  
m a te ria ls  a re  c o n ve rte d  to  use fu l p ro d u c ts  su ch  as 
in d u s tria l ch e m ic a ls , p e tro le u m  p ro d u c ts , m eta ls , 
ru b b e rs , p las tics , syn the tic  fibe rs , foods , pa in ts , and 
paper. B e ca u se  of th e ir  kn o w le d g e  of chem istry , 
ch e m ica l e n g in e e rs  a lso  are  p re p a re d  to  se rve  in re ­
la ted  f ie lds  such  as b io c h e m ic a l and  b io m e d ic a l e n ­
g in e e rin g , n o n m e ta llic  m ate ria ls , w a s te  d isp o sa l, and 
po llu tio n  a b a tem en t.
An in te g ra te d  p ro g ra m  in ch e m ic a l e n g in e e rin g  le a d s  
to  a B a ch e lo r of S c ie n ce  d e g re e  a t the  en d  o f fou r 
years  a n d  to  a M aste r of E n g ine e ring  d e g re e  in one 
a d d itio n a l year. The  cu rricu lu m  a p p lie s  th e  la tes t d e ­
ve lo p m e n ts  in the  fie lds  o f chem is try , m a th e m a tics , 
ph ys ics , and  th e  e n g in e e rin g  sc ie n c e s  to  ch e m ica l 
e n g in e e rin g  c o n c e p ts  and  p ro v id e s  e n o u g h  f le x ib ility  
so  tha t s tu d e n ts  m ay p re p a re  th e m se lve s  fo r the 
b ro a d  a p p lic a tio n  o f these  c o n c e p ts  to  m any e n ­
g in e e rin g  p ro b le m s. A fo u r-ye a r s e q u e n c e  o f libera l 
s tu d ie s  e le c tive s  p ro v id e s  an o p p o rtu n ity  to  a tta in  a 
b a c k g ro u n d  in th e  soc ia l s c ie n ce s , e co n o m ics , or 
o th e r n o n te ch n ica l su b je c ts . Free e le c tive s  in th e  u p ­
p e rc la s s  yea rs  p e rm it th e  c h o ic e  of a d d it io n a l 
co u rse s  in such  fie lds. Free and  te c h n ic a l e le c tive s  
m ay b e  used  to  b ro a d e n  th e  s tu d e n t's  p re p a ra tio n  in 
the  sc ie n c e s  an d  e n g in e e r in g  or to  s tu d y  s p e c ia ltie s  
in m ore  dep th . The S ch oo l o f C h e m ica l E n g ine e ring  
o ffers sp e c ia l p ro g ra m s  in b io lo g ic a l e n g in e e rin g  
p o lym e ric  m ate ria ls , and c h e m ica l m ic ro sco p y . S tu ­
d en ts  m ay a lso  use th e ir  e le c tive s  to  a tta in  g re a te r 
p ro fic ie n c y  in fie lds  su ch  as c h e m is try  m a th em a tics , 
b io logy, e nv iro nm e n ta l sys tem s e n g in e e r in g , w a te r 
re sou rces , c o m p u te r sc ie nce , or n u c le a r e n g in e e rin g .
Laboratory and Research Facilities
All C o rne ll p ro g ra m s  in ch e m ica l e n g in e e r in g , bo th  
u n d e rg ra d u a te  and  g radua te , are  g ive n  in O lin  Hall of 
C h e m ica l E n g ine e ring . Th is  m o d e rn  and  w e ll- 
e q u ip p e d  b u ild in g , w ith  over 100 ,000  sq u a re  fee t of 
floo r space , p ro v id e s  le c tu re  and re c ita tio n  room s as 
w e ll as  la b o ra to rie s  fo r in s tru c tio n  an d  re se a rch . The 
m ain la b o ra to ry  e x te n d s  th ro u g h  th re e  floo rs  a n d  c o n ­
ta ins  p ilo t-p la n t e q u ip m e n t fo r u n d e rg ra d u a te  p ro j­
e c ts  an d  rese a rch  as we ll as s p a c e  fo r re se a rch  a p ­
pa ra tus  fo r g ra d u a te  s tuden ts . S hops, s to ra ge , and 
s e rv ice  fa c ilit ie s  are  a d ja c e n t to  th is  labora to ry.
in ad d itio n , a la rge  po rtio n  of th e  b u ild in g  is d e vo te d  
to sm a ll-un it la b o ra to rie s  co n ta in in g  fu rn itu re  and  
e q u ip m e n t su ita b le  fo r th e  ch e m ica l and  b e n ch -sca le  
p ro je c ts  and  resea rch  c a rrie d  ou t b y  bo th  u n d e r­
g ra d u a te  an d  g ra d u a te  s tu d e n ts . S p e c ia lize d  
la b o ra to rie s  are  a lso  ava ilab le . The  G eer L a b o ra to ry  
fo r R u b b e r an d  P las tics  has fa c ilit ie s  fo r m ak ing , 
p ro ce ss in g , an d  te s tin g  all ty p e s  of p o lym e ric  m a te ­
ria ls. The b io c h e m ic a l e n g in e e r in g  la b o ra to ry  c o n ­
ta in s  e q u ip m e n t for fe rm e n ta tio n  and  o the r b io c h e m i­
ca l p ro ce sse s ; the  p ro c e s s  co n tro l a re a  is e q u ip p e d  
w ith  con tro l in s trum en ts , re co rd e rs , and  co m p u te rs
The Degree Programs
B a ch e lo r o f S c ien c e
The F ie ld  P rog ram  in C h e m ica l E n g in e e rin g  o ffe rs  a 
c o o rd in a te d  se q u e n c e  o f c h e m ic a l e n g in e e rin g
34 C iv il and  E n v iro n m e n ta l E n g in eerin g
co u rse s  b e g in n in g  in th e  s o p h o m o re  y e a r a n d  e x ­
te n d in g  th ro u g h  th e  fo u rth  year.
C o u rse  p ro g ra m s  fo r  te rm s  1 th ro u g h  4 a re  d e s c r ib e d  
u n d e r th e  D iv is ion  o f B a s ic  S tud ies . U n d e rc la ss  s tu ­
d e n ts  w h o  p lan  to  en te r th e  p ro fe ss io n a l c h e m ica l 
e n g in e e r in g  p ro g ra m  re g is te r fo r C h e m is try  2 8 7 -2 8 8 , 
C h e m is try  2 8 9 -2 9 0 , an d  C h e m ica l E n g in e e rin g  
IH E 1 10 o r IH E 1 11 d u rin g  th e  s o p h o m o re  year.
The p ro g ra m  fo r th e  u p p e rc la s s  ye a rs  is as fo llow s:
Term  5  C re d its
C h e m is try  357 , O rg a n ic  C h e m is try  3
C h e m is try  251 , O rg a n ic  C h e m is try  L a b o ra to ry  2 
IH E 311, E q u ilib r ia  a n d  S ta g e d  O p e ra tio n s  3
IH E430, In tro d u c tio n  to  R ate P ro ce sse s  3
E le c t iv e t 3
L ibera l s tu d ie s  e le c tiv e  3
Term  6
C h e m is try  358, O rg a n ic  C h e m is try  3
IH E 3 2 1 , M ate ria ls* 5
IH E 4 31 , A n a lys is  o f S e p a ra tio n  P ro ce sse s  3
E le c t iv e t  3
L ibera l s tu d ie s  e le c tiv e  3
Term  7
IH E312, C h e m ica l E ng ine e ring  
T h e rm o d yn a m ics  3
IHE432, C h e m ica l E n g ine e ring  L a b o ra to ry  3
IH E461, C h e m ica l P ro ce ss  E va lua tio n  3
E le c t iv e t  3
L ibe ra l s tu d ie s  e le c tiv e  3
Term 8
IH E410, R e action  K in e tic s  and  
R e acto r D e s ign  3
IHE462, C h e m ica l P ro ce ss  S yn thes is  4
E le c t iv e s t 6
L ibera l s tu d ie s  e le c tiv e  3
IH E 101, N o n re s id e n t le c tu re s  0
'S tu d e n ts  w h o  have  an  a p p ro v e d  p lan  fo r  c o n c e n tra ­
tio n  in a  m in o r to p ic a l a re a  a n d  w h o  re q u ire  m ore  
e le c tive  co u rse s  than  th e  n u m b e r s c h e d u le d  to  a c ­
c o m p lis h  th e ir  g o a ls  m ay su b s titu te  a d d it io n a l e le c ­
tive s  fo r IH E 3 21 , M a te ria ls  (p ro v id e d  th a t ITE261, 
M e ch a n ica l P ro p e rtie s  o f M ate ria ls , has b ee n  ch o se n  
as  an e n g in e e r in g  c o re  s c ie n c e  d u r in g  th e  s o p h o ­
m o re  year). Th is  o p tio n  c o u ld  be  o f in te res t to  s tu ­
d e n ts  p la n n in g  c o n c e n tra tio n s  in su ch  a re a s  as 
b io lo g ic a l e n g in e e rin g , e n v iro n m e n ta l s tud ie s , a d ­
v a n c e d  chem is try , a n d  sys tem s an d  o p e ra tio n s  re ­
sea rch .
•fThe e le c tive s  in Term s 5 to  8 m ust co m p r is e  th re e  
hou rs  o f th e  p o s tp o n e d  e n g in e e rin g  c o re  s c ie n c e  
co u rs e  (see th e  s e c tio n  on  B a s ic  S tud ies); s ix  hou rs 
o f te c h n ic a l e le c tive s ; a n d  at le as t s ix  hou rs  o f free  
e lec tives .
T h e  C o lle g e  P ro g ra m . S tu d e n ts  pu rsu in g  a  C o lle g e  
P rog ram , d e s c r ib e d  on  p. 38, m ay e le c t a  m a jo r o r a 
m ino r in ch e m ic a l e n g in e e rin g . T he se  m a jo rs  an d  
m ino rs  re q u ire  a s e q u e n c e  of ch e m ic a l e n g in e e rin g  
co u rs e s  in th e  th ird  a n d  fou rth  years , p lu s  th e  p ro p e r 
p re re q u is ite s , as  s p e c ifie d  b y  th e  s tu d e n t ’s a d v ise r 
a n d  th e  C o lle ge  P rog ram  C om m ittee .
M aster o f E n g in e e rin g  (C h e m ic a l), M as te r o f S c i­
ence, an d  D o cto r o f P h ilo s o p h y
A  s tu d e n t h o ld in g  a  b a c c a la u re a te  o r e q u iv a le n t d e ­
g re e  in c h e m ic a l e n g in e e r in g  from  a  c o lle g e  o f re c ­
o g n iz e d  s ta n d in g  is e lig ib le  to  p u rs u e  a d v a n c e d  w o rk  
le a d in g  to  a  p ro fe ss io n a l de g re e , M aste r o f E n g in e e r­
in g  (C h e m ica l), o r to  th e  g e n e ra l d e g re e s  M .S. o r 
Ph.D ., w ith  m a jo rs  in c h e m ic a l e n g in e e rin g .
The  p ro fe ss io n a l m a s te r’s d e g re e , M .E ng . (C h e m ica l), 
is  a w a rd e d  at th e  e n d  o f on e  ye a r o f s tu d y  w ith  s u c ­
c e s s fu l c o m p le tio n  o f th ir ty  c re d it  ho u rs  o f re q u ire d  
an d  e le c tiv e  c o u rs e s  in te c h n ic a l f ie ld s  in c lu d in g  e n ­
g in e e rin g , m a th e m a tics , chem is try , p h ys ics , a n d  b io l­
ogy. C o u rse s  e m p h a s iz e  d e s ig n  a n d  o p tim iza tio n  
b a se d  on  th e  e c o n o m ic  fa c to rs  th a t a ffe c t p ro ce ss , 
e q u ip m e n t, an d  p la n t d e s ig n  a lte rna tive s . N o th e s is  is 
re q u ire d , b u t a  d e s ig n  p ro je c t is in vo lve d  in th e  re ­
q u ire d  co u rse s . Fu rthe r in fo rm a tio n  m a y  b e  o b ta in e d  
fro m  th e  D ire c to r o f C h e m ica l E n g in e e rin g , O lin  Hall.
T he  M .S. a n d  Ph.D . d e g re e s  a re  a d m in is te re d  b y  the  
G ra d u a te  S ch o o l a n d  re q u ire  w o rk  in bo th  m a jo r and  
m in o r fie ld s  of study, as  w e ll as  th e  c o m p le tio n  o f a 
th e s is  in vo lv in g  in d iv id u a l e x p e rim e n ta l re se a rch  or 
a n a ly tica l in ve s tig a tio n s . A  s tu d e n t in te re s te d  in these  
d e g re e s  sh o u ld  c o n s u lt th e  A c c o u n c e m e n t o f  the  
G ra d u a te  S c h o o l an d  an  A n n o u n c e m e n t t it le d  
G ra d u a te  S tu d y  in  E n g in e e rin g  a n d  A p p lie d  S c ie n ce  
(see  p. 4). P ro sp e c tive  c a n d id a te s  m ay  a lso  c o m ­
m u n ic a te  w ith  th e  G ra d u a te  F a cu lty  R e p re se n ta tive  
(C h e m ica l E n g in e e rin g ), O lin  Hall.
Civil and Environm ental 
Engineering
H o llis te r Hal!
D e g re e s  O ffe re d : B a ch e lo r o f S c ience , M a s te r o f En­
g in e e rin g  (C iv il), M as te r of S c ience , D o c to r  of 
Ph ilosophy.
W. R. Lynn , d ire c to r; G. B. Lyon , a s s is ta n t d ire c to r; J. E 
A b e l, V C. B ehn , D. J. Be lcher, J. J. B isogn i, W. H. 
B ru tsaert, F J. C e sa rio , L. B. D w orsky, G. P Fisher,
R. H. G a llagher, C. D. G ates , P G erge ly , D. A. H a ith,
J. N. Kay, A. W m . La w re n ce , I  L iang , J. A. L igge tt,
R L-F Liu, R. C . Loehr, D. R Lou cks , W. M cG u ire ,
A. J. M cN air, A. H. M e yb u rg , R J. M urphy, A . H. N il- 
son, T. Pekoz, D. A . S angrey, R. E. Schu ler, R. G. 
S exsm ith , C. S h oem aker, F O. S la te , R. N. W hite ,
R. W. W illis .
C o u rse s  o f in s tru c tio n  a re  lis te d  o n  pp . 7 8 -8 9 .
C ivil a n d  e n v iro n m e n ta l e n g in e e r in g  d e a ls  p r im a rily  
w ith  th e  la rg e  fixed  w o rks , sys tem s, and  fa c ilit ie s  tha t 
a re  b a s ic  to  c o m m u n ity  liv ing , industry, an d  c o m ­
m e rce  an d  v ita l to  m a n 's  w e ll-b e in g . The  p la n n in g , 
d e s ig n , c o n s tru c tio n , a n d  o p e ra tio n  o f tra n sp o rta tio n  
sys tem s, b r id g e s , b u ild in g s , w a te r an d  s e w a g e  
tre a tm e n t fa c ilit ie s , dam s, a n d  o th e r m a jo r a r tifa c ts  of 
s o c ie ty  a re  c iv il a n d  e n v iro n m e n ta l e n g in e e r in g  a c ­
tiv itie s . C iv il an d  e n v iro n m e n ta l e n g in e e rs  a re  m a jo r 
co n tr ib u to rs  to  th e  so lu tion  o f p ro b le m s  o f u rb a n iz a ­
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tion, c ity  p la n n in g , a n d  e n v iro n m e n ta l q u a lity  con tro l. 
A  b u rg e o n in ig  na tiona l p o p u la tio n  an d  th e  d e s ire  o f 
p e o p le  to c lu s te r in c ity  co m p le x e s  re q u ire  a  g re a t 
in c re a se  in the  n u m b e r o f w e ll-p re p a re d  e n g in e e rs  
w h o  can  m eet th e  b a s ic  n e e d s  of s o c ie ty  w ith  e ffi­
c iency , econom y, a n d  safety.
T he w id e  ra n g e  of su b je c ts  w h ich  a re  co n c e rn s  of 
c iv il a n d  e nv iro nm e n ta l e n g in e e rs  are  g e n e ra lly  
g ro u p e d  in to  a n u m b e r o f su b fie ld s  and  s p e c ia liz a ­
tions. A t C o rne ll, the re  a re  tw o  s u b je c t d e p a rtm e n ts  in 
th e  S choo l of C ivil and  E n v ironm en ta l E n g in e e rin g  —  
S truc tu ra l E n g ine e ring  and E nv ironm enta l E n g ine e r­
in g —  an d  a P rog ram  in E n v ironm enta l S ensing , 
M easu rem en t, and  E va luation . The m a jo r a re a s  in the 
D e p a rtm e n t o f S tru c tu ra l E n g in e e rin g  are: ana lys is , 
behavior, and  d e s ig n  of s truc tu res ; s tru c tu ra l m a te ­
ria ls; and  so ils  an d  fo u n d a tio n s . W ith in  th e  D e p a rt­
m e n t o f E n v ironm enta l E n g ine e ring  the re  a re  five 
m a jo r a reas: e n v iro n m e n ta l q u a lity  e n g in e e rin g ; flu id  
m e c h a n ic s  and  hyd ro lo g y ; p u b lic  sys te m s and  e n ­
v iro n m e n ta l s ys te m s  e n g in e e rin g ; tra n sp o rta tio n ; and  
w a te r re so u rce s  p la n n in g  and  ana lys is .
T he se  un its  p ro v id e  co u rse s  fo r g ra d u a te  s tu d y  le a d ­
ing to  a d va n c e d  d e g re e s  an d  a lso  th o se  co u rse s  
ne ce ssa ry  to  s u p p o rt the  u n d e rg ra d u a te  cu rricu lu m  
in c iv il and  e n v iro n m e n ta l en g in e e rin g .
The Degree Programs
The u n d e rg ra d u a te  fie ld  cu rricu lu m  in c iv il and  e n ­
v ironm en ta l e n g in e e rin g  le a d s  to the  d e g re e  of 
B a ch e lo r of S c ience . It p ro v id e s  a th o ro u g h  fo u n d a ­
tion  in th e  b a s ic  sc ie n ce s , a p p lie d  sc ie n ce s , and 
m a th e m a tics  tha t are  fu n d a m e n ta l to  the  p ro fess ion . It 
a lso  in c lu d e s  an in tro d u c tio n  to  the  m a jo r a re a s  of 
m odern  c iv il and  e nv iro nm e n ta l e n g in e e rin g  te c h n o l­
ogy  a n d  subs tan tia l o p p o rtu n ity  fo r libe ra l study.
M ost s tu d e n ts  g o  on to g ra d u a te  s tu d y  a fte r c o m p le ­
t ion  of th e  b a c c a la u re a te . The  th re e  m ain  p a th s  of 
a d va n c e d  w o rk  at C orne ll are:
1. G ra d u a te  s tu d y  in the  F ie ld  o f C ivil an d  E n v iron ­
m enta l E n g ine e ring  le a d in g  to  the  d e g re e  of M aste r 
of E n g ine e ring  (C iv il). Th is  is th e  first d e g re e  w ith  a 
c iv il e n g in e e rin g  d e s ig n a tio n . It is o b ta in e d  upon  
co m p le tio n  o f a c u rric u la r  p ro g ra m  o f th ir ty  c re d it 
hours o f a d v a n c e d  study, in c lu d in g  an e x te n s ive  d e ­
s ign  p ro je c t. The M .Eng. (C iv il) p ro g ra m  is d e s ig n e d  
p rim a rily  fo r s tu d e n ts  w h o  in ten d  to en te r the  p ro fe s ­
siona l p ra c tic e  of e n g in e e rin g , and  the  d e g re e  re p re ­
sen ts  a tta inm en t o f an e d u ca tio n a l level c o n s id e re d  
essen tia l fo r m o d e rn  p rac tice .
2. G ra d u a te  s tudy  le a d in g  to  the  d e g re e s  M aste r of 
S c ience  and  D o c to r of Ph ilosophy. These  d e g re e s  are 
in te n d e d  p rim a rily  fo r s tu d e n ts  w ho  p lan  c a re e rs  in 
research , deve lo p m e n t, o r te a ch in g  in an a rea  o f c iv il 
and  e nv iro nm e n ta l en g in e e rin g .
3. A d v a n c e d  s tu d y  in a re la te d  te ch n ica l fie ld  such 
as a p p lie d  m e ch a n ics , a e ro s p a c e  e n g in e e rin g , or 
u rban  p la n n in g , o r in a n o n te ch n ica l fie ld  re q u irin g  an 
e n g in e e rin g  b a c k g ro u n d , such  as law  or b us iness  
adm in is tra tio n .
B a ch e lo r of S c ien c e
The first fou r te rm s  a re  d e s c r ib e d  in the  s e c tio n  on 
th e  D iv is ion  of B a s ic  S tud ies . The  B a s ic  S tu d ie s  p ro ­
g ra m  sp e c ifie s  th a t tw o  e n g in e e rin g  c o re  s c ie n c e  
c o u rs e s  be  taken  in e a ch  te rm  of th e  s o p h o m o re  year. 
M e c h a n ic s  o f S o lid s  IA K 2 2 1 , is re q u ire d  fo r e n try  in to 
th e  C iv il a n d  E n v ironm enta l E n g in e e rin g  F ie ld  P ro­
gram . It is re co m m e n d e d , b u t not re q u ire d , tha t s tu ­
d e n ts  p la n n in g  to  en te r th is  fie ld  ta k e  IO R 260, In tro ­
d u c to ry  E n g in e e rin g  P robab ility , an d  e ithe r IAK231, 
D yn am ics , o r IT E 261 , M e ch a n ica l P ro p e rtie s  o f M a te ­
ria ls , as tw o  o f th e ir  o th e r so p h o m o re  e n g in e e rin g  
c o re  s c ie n c e  cou rses .
The  fo llo w in g  re c o m m e n d e d  se q u e n c e  of c o u rs e s  is 
n te n d e d  to  p ro v id e  an in tro d u c tio n  to  the  severa l d i­
ve rse  a re a s  w ith in  th e  F ie ld  o f C iv il a n d  E n v ironm enta l 
E n g ine e ring  an d  to  p e rm it m o re  d e ta ile d  s tu d y  in at 
le as t o n e  area . S tu d e n ts  w ith  a w e ll-d e fin e d  sp e c ia l 
in te res t m ay c h o o se  to  d e p a rt from  th is  se q u e n ce . In 
su ch  cases , a sp e c ia l p ro g ra m  sh o u ld  be  d e ve lo p e d  
by th e  s tu d e n t in c o n s u lta tio n  w ith  a fa c u lty  a d v is e r  of 
h is  o r he r c h o ic e  w ith in  th e  fie ld , p re fe ra b ly  p r io r  to  
the  fifth  sem ester, and  su b m itte d  to  the  F ie ld  C u r­
ricu lum  C o m m itte e  fo r a p p ro va l. It is a d v is a b le  fo r a 
s tu d e n t to  su b m it an a p p lic a tio n  fo r a s p e c ia l p ro g ­
ram  as  e a rly  as  the  first te rm  of th e  s o p h o m o re  year.
Term 5 C re d its
IA K 2 3 1 , D yn am ics* 3
IIC 301, F lu id  M e ch a n ics  3
IIG 301, S tru c tu ra l E n g in e e rin g  I 4
IO R 260, In tro d u c to ry  E n g ine e ring  
P ro b a b ility ' 3
L ibera l s tud ie s  e le c tive  3
Term 6
ITE261, M e ch a n ica l P rope rties  of M a te ria ls *  3
IIE 3 01 , E n v ironm enta l Q ua lity  
E n g in e e rin g  3
IID 3 0 1 , Soil M e ch a n ics  3
IIB303, E n g ine e ring  E co n o m ics  and 
System s A n a lys is  3
L ibera l s tu d ie s  e le c tiv e  3
Term 7
C ivil an d  e n v iro n m e n ta l e n g in e e rin g  
d is tr ib u tio n  c o u rse s  ( 2 ) t  6
T echn ica l e le c tiv e  3
Free e le c tiv e  3
L ibera l s tu d ie s  e le c tive  3
Term 8
C ivil an d  e nv iro nm e n ta l e n g in e e rin g  d is tr ib u tio n  
c o u rs e s  ( 2 ) f  6
T ech n ica l e le c tive  3
Free e le c tive  3
L ibera l s tu d ie s  e le c tive  3
‘ S a tis fa c to ry  c o m p le tio n  o f these  e n g in e e rin g  
co re  s c ie n c e  c o u rse s  in the  D iv is ion  o f B a s ic  S tud ies  
in c re a se s  the  n u m b e r of te c h n ic a l e le c tive s  
a cco rd in g ly .
tT h e re  a re  d is tr ib u tio n  re q u ire m e n ts  fo r the  c iv il and  
en v iro n m e n ta l e n g in e e r in g  d is tr ib u tio n  co u rse s . The 
s tu d e n t m ay o b ta in  in fo rm a tion  on  these  re q u ire m e n ts  
from  his or her fa c u lty  adviser.
T h e  C o lle g e  P rog ram  A s an a lte rn a tive  to  the  Fie ld 
P rogram , a s tu d e n t w ith  a s tro n g  in te res t in an in te r­
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d is c ip lin a ry  s p e c ia liz e d  p ro g ra m  m ay w ish  to  c o n ­
s id e r th e  C o lle g e  P rog ram  (see  p, 38). W here  th is  in­
v o lve s  o n e  of th e  a re a s  o f c iv il a n d  e nv iro nm e n ta l en ­
g in e e rin g , e ithe r a s  a m a jo r o r m in o r su b je c t, th e  va r­
ious d e p a rtm e n t fa c u lty  m e m b e rs  a re  p re p a re d  to  
a d v is e  an d  a ss is t th e  s tu d e n t u po n  request. E xa m ­
p le s  o f C o lle g e  P ro g ra m s a re  th o se  c o m b in in g  s tudy  
in s tru c tu ra l e n g in e e r in g  a n d  a rch ite c tu re , tra n s p o rta ­
tion  e n g in e e r in g  a n d  u rb a n  p la n n in g , e nv iro nm e n ta l 
sys te m s  e n g in e e rin g  an d  o p e ra tio n s  re se a rch , sa n i­
ta ry  e n g in e e rin g  an d  o ce a n o g ra p h y , p u b lic  sys te m s 
p la n n in g  an d  a na lys is , an d  su rve y  e n g in e e rin g .
M a s te r o f E n g in eerin g  (C iv il)
T he m a s te r o f E n g in e e rin g  (C iv il) d e g re e  is d e s ig n e d  
to  p re p a re  a s tu d e n t fo r p ro fe ss io n a l p ra c t ic e  in c iv il 
and  e n v iro n m e n ta l e n g in e e rin g . G e ne ra l re q u ire ­
m ents  fo r the  p ro g ra m , in a d d it io n  to  th o se  s ta te d  on 
p. 13, in c lu d e  fo u r re q u ire d  co u rse s ; tw o  in p ro fe s ­
s io na l e n g in e e r in g  p ra c tice , IIK 5 20  an d  IIK 521 ; a n d  
tw o  in de s ig n , IIK 5 10  a n d  IIK511 o r th e  equ iva le n t. 
The s e co n d  c o u rs e  In d e s ig n  re q u ire s  th e  c o m p le tio n  
o f a p ro je c t in vo lv in g  syn thes is , a na lys is , d e c is io n  
m a k in g , and  a p p lic a tio n  o f e n g in e e r in g  ju d g m e n t. It 
is  o ffe red  as an  in tens ive , fu ll-day , th re e -w e e k  c o u rse  
d u rin g  th e  w in te r in te rsess ion .
T he  re m a in d e r o f a s tu d e n t ’s p ro g ra m  o f s tu d ie s  is 
d e s ig n e d  in d iv id u a lly  in c o n su lta tio n  w ith  an 
a c a d e m ic  a d v is e r an d  th e n  su b m itte d  to  th e  S c h o o l’s 
P ro fess io na l D e g re e  C o m m itte e  fo r a p p ro va l. The o b ­
je c tiv e s  in c o u rs e  p la n n in g  a re  to  p ro v id e  b re a d th  in 
the  fu n d a m e n ta ls  o f c iv il an d  e n v iro n m e n ta l e n g in e e r­
ing , a n d  s p e c ia liz a tio n  in one  a re a  w ith  som e  c o n ­
ce n tra tio n  in a re la te d  area . M ost s tu d e n ts  w ill have  
a c h ie v e d  th e  n e ce ssa ry  b re a d th  d u r in g  th e ir  u n d e r­
g ra d u a te  years. Som e, how ever, m ay  re q u ire  a d d i­
tiona l c o u rs e  w o rk  in th e  g ra d u a te  p ro g ra m  to  fu lfill 
th e  b re a d th  re q u ire m e n t. S tu d e n ts  in th e  S ch o o l of 
C iv il a n d  E n v ironm enta l E n g in e e rin g  m ay ava il th e m ­
s e lve s  o f a n u m b e r o f g ra d u a te  c o u rse  o ffe r in g s  in 
fie ld s  re la te d  to  th e ir  m a jo r in te res t b u t o u ts id e  o f the  
schoo l.
Furthe r in fo rm a tion  on th is  p ro g ra m  m a y  be  o b ta in e d  
from  th e  D irector, S ch oo l o f C iv il a n d  E n v ironm en ta l 
E n g ine e ring , H o llis te r Hall.
M aster o f S c ie n c e  and  D o c to r o f  P h ilo so p h y
The re q u ire m e n ts  fo r th e  d e g re e s  o f M a s te r o f S c i­
e n c e  an d  D o c to r o f P h ilo so p h y  a re  d e s c r ib e d  in the  
A n n o u n c e m e n t o f  th e  G ra d u a te  S choo l. The se  are  
d e g re e s  o r ie n te d  to w a rd  re se a rch  an d  re q u ire  s u b ­
m iss ion  o f a thes is .
In th e  fie ld  of C iv il a n d  E n v ironm en ta l E n g ine e ring , a 
n u m b e r of sp e c ia l a re a s  of c o n c e n tra tio n  a re  a va ila ­
b le  as  e ith e r m a jo r o r m in o r s u b je c ts . T h e se  c o n c e n ­
tra tio n s  a re  id e n tifie d  w ith  th e  d e p a rtm e n ts  of S truc ­
tu ra l E n g in e e rin g  a n d  E n v ironm en ta l E n g ine e ring , 
an d  w ith  th e  P rog ram  in E n v ironm en ta l S ens ing , 
M easu rem en t, an d  E va lua tion , w h ich  p ro v id e  re la ted  
g ra d u a te  in s truc tion .
A  n u m b e r o f fe llo w s h ip s  a n d  a ss is ta n tsh ip s  a re  a va il­
a b le  to  g ra d u a te  s tu d e n ts  in c iv il a n d  e n v iro n m e n ta l 
e n g in e e r in g . P ro sp e c tive  g ra d u a te  s tu d e n ts  shou ld
c o n s u lt th e  A n n o u n c e m e n t o f  the  G ra d u a te  S ch o o l 
an d  a  sp e c ia l A n n o u n ce m e n t, G ra d u a te  S tudy  in E n­
g in e e r in g  a n d  A p p lie d  S c ie n c e  (see  p. 4). F urthe r in­
fo rm a tio n  m a y  b e  o b ta in e d  b y  w r itin g  to  th e  G ra d u a te  
F a cu lty  R e p re se n ta tive  (C iv il a n d  E n v ironm en ta l En­
g in e e rin g ), H o llis te r Hall.
Department of Structural Engineering
R. H. G a llagher, ch a irm a n ; J. F A b e l, R G erge ly , J. N. 
Kay, W . M cG u ire , A . H. N ilson , T  Pekoz, D. A . San- 
grey, R. G. S e xsm ith , F O. S late, R. N. W hite.
S truc tu ra l e n g in e e r in g  c o m p ris e s  the  a n a lys is  and  
d e s ig n  o f s tru c tu re s  of all typ e s , those  tra d it io n a lly  
id e n tifie d  w ith  c iv il e n g in e e r in g  (e.g ., b u ild in g s , 
b r id g e s , w a te rta n ks , d a m s, an d  fo u n d a tio n s ) as  w e ll 
as th o se  c o n n e c te d  w ith  o th e r b ra n c h e s  o f e n g in e e r­
in g  (e .g ., a e ro s p a c e  s tru c tu re s , p re s s u re  vesse ls , 
a n d  n u c le a r e n g in e e r in g  s tru c tu re s ). Soil m e c h a n ic s  
a n d  fo u n d a tio n  e n g in e e r in g  a re  c o n c e rn e d  w ith  the 
m e a su re m e n t o f so il an d  ro c k  p ro p e rtie s  a n d  th e ir  
u se  in th e  d e s ig n  p ro ce ss . The  D e p a rtm e n t o f S truc ­
tu ra l E n g in e e rin g  is re s p o n s ib le  fo r  u n d e rg ra d u a te  
a n d  g ra d u a te  in s tru c tio n  a n d  fo r re se a rch  in all these  
a reas. In a d d it io n , in s tru c tio n  a n d  re se a rch  in c iv il 
e n g in e e r in g  s tru c tu ra l m a te ria ls  (e .g ., co n c re te s , as­
p ha lts , s tru c tu ra l m eta ls , and  so ils ) a re  th e  D e p a rt­
m e n t’s respons ib ility .
In s tru c tio n , b o th  u n d e rg ra d u a te  a n d  g ra d u a te , e m ­
p h a s ize s  fu n d a m e n ta l u n d e rs ta n d in g  o f s truc tu ra l 
b e h a v io r a n d  m o d e rn  m e th o d s  o f d e s ig n  a n d  
a n a lys is , m any  o f th e m  co m p u te r-o r ie n te d . A  la rge  
vo lu m e  o f re se a rch , s p o n s o re d  b y  g o ve rn m e n ta l 
a g e n c ie s  an d  industry , is  c a r r ie d  ou t in fo u r la rg e  an d  
fu lly  e q u ip p e d  la b o ra to rie s : a s tru c tu ra l la b o ra to ry  fo r 
fu ll-s c a le  te s tin g , a  m o d e ls  la bora to ry , a  v e rsa tile  c e ­
m en t a n d  c o n c re te  labora to ry, an d  a  soil m e c h a n ic s  
la b o ra to ry  w ith  a w id e  va r ie ty  o f bo th  s ta n d a rd  and  
s p e c ia liz e d  e q u ip m e n t.
Department of Environmental 
Engineering
D. P Lou cks , ch a irm a n ; V  C. B ehn, J. J. B isogn i, W.
H. B ru tsae rt, F J. C e sa rio , L. B. D w orsky, G. R Fisher,
C . D. G a tes , D. A . H a ith , A . W m . La w re n ce , J. A. 
L ig g e tt, R L-F Liu, R. C. Loehr, W. R. Lynn , A . H. 
M e yb u rg , R J. M urphy, R. E. Schu ler, C . Shoem aker,
R. L. W illis .
E n v ironm en ta l e n g in e e r in g  is c o n c e rn e d  w ith  the  
p r in c ip le s , te ch n o lo g y , a n d  m e th o d o lo g y  fo r so lv ing  
p ro b le m s  re la te d  to  th e  q u a lity  o f th e  e n v iro n m e n t as 
w e ll as  w ith  th e  im p a c t o f th e ir  a p p lic a tio n  upon  
society.
A  s u c c e s s fu l ca re e r in e n v iro n m e n ta l e n g in e e r in g  re ­
q u ire s  th e  a b ility  to  c o n tr ib u te  to  th e  p la n n in g , d e s ig n , 
e va lu a tio n , a n d  a n a lys is  o f te c h n o lo g ic a l in nova tions  
fo r  im p ro v in g  e n v iro n m e n ta l q u a lity  in re sp o n se  to  
e v e r-c h a n g in g  g o a ls  a n d  n e e d s  o f s o c ie ty  C re a tiv ity  
a n d  a d a p ta b ility  to  c h a n g e  a re  a lso  n e c e s s a ry  fo r a 
s u c c e s s fu l ca re e r in e n v iro n m e n ta l e n g in e e r in g  in in­
dustry, g o ve rn m e n ta l a g e n c ie s , co n s u lt in g  e n g in e e r­
in g  p ra c tice , re se a rch  in s titu tes , o r c o lle g e s  o r u n i­
ve rs ities . The D e p a rtm e n t o f E n v ironm en ta l E n g in e e r­
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ing s tresse s the  b a s ic  sc ie n c e s  as we ll as th e  a p p lie d  
m a th em a tica l, e n g in e e rin g , e co n o m ic , and  lega l c o n ­
s id e ra tio n s  n e e d e d  fo r le a d e rsh ip  in th is  ra p id ly  ex­
p a n d in g  p ro fess ion .
U n d e rg ra d u a te  s tu d e n ts  can  c o n c e n tra te  in e n v iro n ­
m enta l en g in e e rin g  w ith in  th e  c u rric u lu m  of th e  
S choo l o f C iv il a n d  E n v ironm en ta l E n g ine e ring  by  
se le c tin g  a d is tr ib u tio n  cou rse , te c h n ic a l e le c tive s , 
and free  e le c tive s  in th is  area. C a n d id a te s  fo r the 
M aste r o f E n g ine e ring  (C iv il) d e g re e  can a lso  
s p e c ia liz e  in th is  area. C a n d id a te s  fo r th e  M as te r o f 
S c ie n ce  and  D o c to r o f P h ilo sophy  d e g re e s  can  d e ­
ve lo p  e x tre m e ly  fle x ib le  p ro g ra m s, u tiliz in g  th e ir  p r io r 
e x p e rie n c e  in th is  area. E ach  g ra d u a te  s tu d e n t in e n ­
v ironm en ta l e n g in e e rin g  is e x p e c te d  to  c o m p le te  s ig ­
n ifica n t in d e p e n d e n t rese a rch  fo r th e  M. S. o r Ph.D. 
d e g re e , or an e n g in e e rin g  d e s ig n  fo r th e  M .E ng.
(C iv il) de g re e . (A lso  see the  se c tio n  on D e g re e  Pro­
g ra m s a b o ve  )
B e ca u se  te a ch in g  and  rese a rch  in e n v iro n m e n ta l e n ­
g in e e rin g  c o n tin u e  to evo lve , th e  fa c u lty  has sk ills  in 
m any  a reas, in c lu d in g  e co n o m ics , p o lic y  ana lys is , 
law, and  p la n n in g , in a d d it io n  to e n g in e e rin g . T he  D e­
pa rtm en t is c o m m itte d  to  th e  m u lt id is c ip lin a ry  so lu tion  
o f e nv iro nm e n ta l e n g in e e rin g  p ro b le m s, and  m a in ­
ta ins  a  c lo se  a sso c ia tio n  w ith  o the r d e p a rtm e n ts  in 
the  Un iversity. F acu lty  m e m b e rs  in these  o th e r d e ­
pa rtm e n ts  o ften  se rve  as m e m b e rs  of g ra d u a te  s tu ­
d e n ts ' co m m itte e s .
S tuden ts , th ro u g h  the ir s tud ie s , w ill ga in  g re a te r 
d e p th  in th e ir  p a rtic u la r a reas  of in te rest, as w e ll as a 
d e ta ile d  u n d e rs ta n d in g  of the  m u lt id is c ip lin a ry  
c h a ra c te r  and  c o m p le x ity  o f the  typ e  of p ro b le m s  tha t 
th e y  w ill be  c a lle d  upon  to  solve. The D e p a rtm e n t of 
E nv ironm enta l E n g in e e rin g  p ro v id e s  a u n iq u e  o p p o r­
tu n ity  fo r s tu d e n ts  to  a ch ie ve  th e  d e s ire d  leve ls  of 
p ro fic ie n cy  in p a rticu la r s p e c ia ltie s , w h ile  re ta in ing  
the  p e rs p e c tiv e  and  ve rsa tility  tha t w ill be  e x p e c te d  of 
them  in a w o rld  in w h ich  the  e n v iro n m e n ta l p ro b le m s  
a re  ch a n g in g  b u t th e  b a s ic  fu n d a m e n ta ls  a re  not.
For the  s tu d e n t p la n n in g  a p ro g ra m  of study, it is use ­
fu l to  s u b d iv id e  the  d e p a rtm e n ta l te a ch in g  a n d  re ­
se a rch  a c tiv itie s  in to  five  b ro a d ly  d e fin e d  a n d  so m e ­
w h a t o v e r la p p in g  s u b je c t areas: e nv iro nm e n ta l q u a l­
ity e n g in e e rin g , flu id  m e ch a n ics  a n d  hydro logy , p u b ­
lic  a n d  e nv iro nm e n ta l sys tem s e n g in e e rin g , tra n s p o r­
ta tion , and w a te r re so u rce s  p la n n in g  an d  ana lys is . 
Facu lty  in the  D e p a rtm e n t are  fre q u e n tly  a c tiv e  in 
m ore  than  one  of these  s u b je c t a reas. P ro sp e c tive  
g ra d u a te  s tu d e n ts  are  e n c o u ra g e d  to  w rite  o r v is it 
w ith  any fa c u lty  m e m b e r in th e ir  a reas  o f in te res t in 
o rd e r to  o b ta in  m ore  in fo rm a tion  re g a rd in g  co u rse s  or 
cu rre n t resea rch  a c tiv ities .
E n v iro n m en ta l Q u a lity  E n g in eerin g
This s tu d y  a rea is co n c e rn e d  w ith  th e  phenom ena , 
co n ce p ts , m e th ods, and  te c h n o lo g y  essen tia l fo r the  
m a in te n a n ce  of th e  q u a lity  of the  a ir-w a te r-la n d  e n v i­
ronm ent. Ins truc tion  and  re se a rch  co n ce n tra te  on the  
p e rtin e n t b io lo g ica l, c h e m ica l, and  phys ica l 
phe nom ena , and  on the  m a th em a tica l, en g in e e rin g , 
labora to ry, and  c o m p u te r sk ills  n e e d e d  fo r su cce ss fu l 
p la n n in g , d e s ig n , and  m a n a g e m e n t o f th e  e n g in e e rin g
p ro ce sse s , fac ilit ie s , and  sys tem s n e ce ssa ry  to  
a c h ie v e  e n v iro n m e n ta l q u a lity  o b je c tive s
E xp e rim e n ta l fa c ilit ie s  in c lu d e  c o n tro lle d -te m p e ra tu re  
room s, w a te r-m ic ro b io lo g y  and  w a te r-ch e m is try  
la bo ra to ries , and room s e s p e c ia lly  e q u ip p e d  for 
b e n ch  and  p ilo t-leve l un it p ro c e s s  s tud ie s . C o m p u te r 
te rm in a ls  are  a lso  a va ila b le  fo r s tu d e n t use.
F lu id  M e c h a n ic s  and  H y d ro lo g y
U n d e rs ta n d in g  a n d  p ro p e r a p p lic a tio n  o f th e  p r in c i­
p le s  o f flu id  m e ch a n ics , h yd ra u lic s , and both  g ro u n d  
and  su rfa c e  w a te r h yd ro lo g y  a re  essen tia l fo r the  so l­
u tion  o f m any e nv iro nm e n ta l e n g in e e rin g  an d  w a te r- 
re so u rce s  p la n n in g  p ro b le m s , e s p e c ia lly  th o se  a f­
fe c te d  by  the  h y d ro lo g ic  cyc le . S u ch  p ro b le m s  in­
c lu d e  th e  d isp e rs io n  of res idu a l m a te ria ls  a n d  heat 
e n e rg y  in g ro u n d  an d  s u rfa ce  w a te rs  and  in the  a t­
m osphe re , the  flow  of w a te r ove r a n d  th ro u g h  natura l 
soil and  rock, d ro u g h t and  f lood  p re d ic tio n  an d  c o n ­
tro l, the  c ircu la tio n  and  s tra tif ica tion  o f w a te r in lakes  
a n d  o ce a n s , p ro p a g a tio n  and  im p a c t of w a ve s  in the 
es tu a rin e  an d  co a s ta l e n v iro n m e n t, an d  se d im e n t 
tra n sp o rt.
The  h yd ra u lic s  la b o ra to ry  is w e ll e q u ip p e d  fo r d e ­
m o n s tra tio n s  an d  e xp e rim e n ts  in w a ve  m e ch a n ics  
an d  ro ta tin g  flow s a n d  fo r a va rie ty  o f o the r e x p e ri­
m ents
E n v iro n m e n ta l and P u b lic  S y s te m s
This su b je c t a rea  in vo lves  th e  a p p lic a tio n  of sys tem s 
a n a lys is  m e th ods , e c o n o m ic  a n d  p o lit ica l theory, 
te c h n o lo g y  assessm en t, a n d  e n v iro n m e n ta l la w  to 
p u b lic  se c to r p ro b le m s, in c lu d in g : th e  p la n n in g , d e ­
s ig n , and  o p e ra tio n  of p u b lic  hea lth  se rv ices ; u rban  
no ise  m anage m en t; th e  eva lua tion  an d  con tro l o f the  
im p a c ts  of new  te ch n o lo g y ; an d  o the r e n v iro n m e n ta l 
q u a lity  a n d  u rban  and  reg io na l p la n n in g  p ro b le m s . It 
is c o n c e rn e d  w ith  th e  d e ve lo p m e n t of im p ro ve d  
m e th o d s  fo r d e fin in g  an d  e va lu a tin g  p u b lic  in ve s t­
m ent a lte rna tive s , fo r p re d ic tin g  th e  d e m a n d  fo r p u b ­
lic  and  e n v iro n m e n ta l s e rv ice  fa c ilit ie s , fo r p la n n in g  
e n g in e e rin g  p ro je c ts , fo r co n tro llin g  d ise a se  and  
crim e, fo r im p ro v in g  th e  level o f nu trition  in d e v e lo p ­
ing reg io ns , fo r la n d -u se  p la n n in g , etc . Th is  s u b je c t 
a rea  fo cu se s  a lso  on th e  a p p lic a b le  e n v iro n m e n ta l 
e n g in e e r in g  te chno logy , e c o n o m ic  theory, le ga l p ro ­
ce d u re s , and  c o m p u te r  o p tim iza tio n  and  s im u la tion  
m e th ods.
G ra d u a te  s tu d e n ts  in te re s te d  in th e se  s u b je c t a reas  
m ay  s p e c ia lize  in e n v iro n m e n ta l s ys te m s  e n g in e e r­
in g . U n d e rg ra d u a te s  m ay e le c t to  take  a  C o lle g e  
P rog ram  in E n v ironm en ta l a n d  P u b lic  S ystem s 
(see  p. 41).
T ran s p o rta tio n
The m a jo r e m p h a s is  in th is  a rea  o f te a c h in g  and  re ­
se a rch  is in the  a p p lic a tio n  o f a n a ly tica l te c h n iq u e s  to  
the h a n d lin g  o f tra n sp o rta tio n  p ro b le m s . A ll m e a n s  of 
tra n s p o rt a re  c o n s id e re d , w ith  sp e c ia l e m p h a s is  on 
tra n sp o rta tio n  p ro b le m s  in u rb a n  areas. S p e c ific  in­
te re s ts  of fa c u lty  m e m b e rs  lie  in th e  a re a s  o f d e m a n d  
m o d e lin g  fo r p a s s e n g e r a n d  fre ig h t m ovem en ts , the 
d e ve lo p m e n t o f m ass tra n s it sys tem s, a irp o rt p la n ­
38  C o lle g e  P rog ram
n ing  a n d  o p e ra tio n s , tra ffic  flo w  theory, tra n sp o rta tio n  
sys te m s  a na lys is , an d  h ig h w a y  d e s ig n .
U n d e rg ra d u a te s  m ay e le c t to  s p e c ia liz e  in th e  a rea  of 
tra n s p o rta tio n  e n g in e e r in g  a n d  p la n n in g  th ro u g h  the  
F ie ld  P rog ram  in C iv il a n d  E n v ironm en ta l E n g in e e rin g , 
o r b y  en ro llin g  in a C o lle g e  P rog ram  in E n v ironm en ta l 
a n d  P u b lic  S ys tem s (se e  p. 41). S tu d e n ts  in te re s te d  
in th e  p h ys ica l p la n n in g  an d  d e s ig n  o f tra n sp o rta tio n  
fa c il it ie s  m ay  d e v e lo p  p ro g ra m s  th a t in c lu d e  c o u rs e s  
in so il m e ch a n ics ; s tru c tu re s ; flu id  m e c h a n ic s  and  
h yd ro lo g y ; an d  e n v iro n m e n ta l se n s in g , m easu rem en t, 
a n d  eva lua tion .
W ater R e so u rces  P lan n in g  and  A n a ly s is
Th is s tu d y  a re a  in c lu d e s  bo th  q u a lita t iv e  an d  q u a n ­
tita tive  a s p e c ts  of m u ltio b je c tive , m u lt ip u rp o s e  w a te r- 
re so u rce s  p o lic y  p la n n in g  a n d  ana lys is . E asy a c c e s s  
to  th e  s u b s ta n tia l c o lle c tio n  of d o c u m e n ts  a va ila b le  in 
a  s e p a ra te  w a te r-re so u rce s  s e c tio n  o f th e  C o lle g e  o f 
E n g in e e rin g  L ib ra ry  a n d  in th e  W ate r R e so u rce s  and  
M arine  S c ie n ce s  C e n te r (an  in te rd isc ip lin a ry , U n ive r­
s ity  un it) p ro v id e s  an e xce lle n t o p p o rtu n ity  fo r  s tu ­
d e n ts  to  se le c t to p ic s  fo r s tu d y  and  re se a rch  from  a 
w id e  va r ie ty  of re leva n t sou rces .
C o m p re h e n s ive  r ive r-b a s in  p la n n in g  a n d  d e v e lo p ­
m ent a re  e xa m in e d  from  h is to r ica l a n d  co n te m p o ra ry  
po in ts  o f view, and  s tu d e n ts  a re  e n c o u ra g e d  to  b e ­
c o m e  in vo lve d  in c a se  s tu d ie s  of cu rre n t p ro b le m s  of 
w a te r-re so u rce s  p la n n in g . Various q u a n tita tiv e  p la n ­
n ing  m o d e ls  tha t in te g ra te  th e  e co n o m ic , p o lit ica l, 
a n d  e n g in e e r in g  a s p e c ts  o f w a te r  q u a n tity  a n d  q u a lity  
p la n n in g  an d  m a n a g e m e n t a re  th e  s u b je c ts  of a  va ri­
e ty  o f co u rse s  in w a te r  re s o u rce s  sys te m s ana lys is . 
S tu d e n ts  w h o  m a jo r in w a te r  re so u rce  sys te m s a t the  
Ph.D. leve l a re  e x p e c te d  to  c o n tr ib u te  to  th e  fu rthe r 
d e ve lo p m e n t an d  a p p lic a tio n  o f th e se  m u lt id is c ip li­
nary, q u a n tita tive  p la n n in g  te ch n iq u e s .
P ro g ra m  in E n v iro n m en ta l S en sin g , 
M easu rem en t, and  E v a lu a tio n
D. J. B e lcher, T. L iang , G. B. Lyon, A . J. M cNair.
T he  d e s ig n  a n d  c o n s tru c tio n  of c iv il an d  e n v iro n m e n ­
ta l e n g in e e r in g  w o rks  re q u ire  d e ta ile d  co n s id e ra tio n  
o f p resen t a n d  po ten tia l uses  of th e  e a rth ’s  s u rfa ce  
a n d  re so u rce s . The P rog ram  in M e a su rem en t an d  
R e m ote  S e ns ing  is  c o n c e rn e d  w ith  th e  sens ing , 
m e a su re m e n t, a n d  e va lu a tio n  of th e se  re la te d  uses.
The te c h n iq u e s  of th e  in te rp re ta tio n  o f aeria l p h o to ­
g ra p h s  a n d  o th e r rem o te  se ns ing  im age s, c o u p le d  
w ith  g ro u n d  o b se rva tio n s , are  u sed  to  e s ta b lish  the  
o ve ra ll na tu re  o f th e  e nv iro nm e n t, d e fin e  p ro b le m s , 
an d  a id  in th e ir  so lu tion . Earth  m e a su re m e n t in vo lves  
su rvey in g , geo desy , p h o tog ram m etry , a n d  th e  re la te d  
co m p u tin g  a n d  d a ta  p re se n ta tio n  m e th ods.
The v e rsa tile  la b o ra to rie s  fo r b o th  in s tru c tio n  a n d  re ­
se a rch  in th e se  a re a s  a re  w e ll e q u ip p e d  w ith  severa l 
m o d e rn  s te re o p lo tte rs  a n d  re p re se n ta tive  g e o d e tic  
in s trum en ts . The P rog ram  m a in ta in s  a  la rg e  co lle c tio n  
of a e ria l p h o to g ra p h s  a n d  im a g e s  fro m  all o ve r the  
w o rld  w h ich  a re  u sed  in p h o to g ra m m e tr ic  a n d  aeria l 
p h o to g ra p h ic  s tud ie s .
The College Program
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D e g re e  O ffe re d : B a ch e lo r o f S c ience .
C o lle g e  P rog ram  C o m m itte e : S. L inke, Y.-H. Pao,
R. Phe lan , D. L. Turco tte , R. L. Von B e rg , W. W. W ebb. 
P rog ram  c o o rd in a to r: J. H. P irko , 170 O lin  Hall.
The C o lle g e  P ro g ra m  o ffe rs  e n g in e e r in g  s tu d e n ts  an 
o p p o rtu n ity  to  p u rs u e  nove l an d  in te rd is c ip lin a ry  
c o u rs e s  of s tu d y  w h e n  e d u c a tio n a l n e e d s  an d  ca re e r 
o b je c tiv e s  ca n n o t b e  sa tis fie d  by  on e  o f th e  tra d it io n a l 
F ie ld  P ro g ra m s  of th e  C o lle ge .
Each  C o lle g e  P rog ram  is  in d iv id u a liz e d , co n s is te n t 
w ith  th e  s tu d e n t's  sp e c ia l in te res ts , an d  is  d e v e lo p e d  
b y  th e  s tu d e n t in co n su lta tio n  w ith  fa c u lty  a dv ise rs . 
E ve ry  C o lle g e  P rog ram , w ith  th e  e x c e p tio n  o f c e rta in  
s p o n so re d  p ro g ra m s  d is c u s s e d  below , m u s t c o m ­
p rise  an e n g in e e r in g  m a jo r a n d  a  m inor, to g e th e r 
fo rm in g  a c o h e re n t c u rr ic u lu m  w h ich  m ee ts  w e ll- 
fo rm u la te d  e d u c a tio n a l o b je c tive s . The  m a jo r m ay b e  
taken  in any  s u b je c t a re a  o ffe red  by  s c h o o ls  o r d e ­
p a rtm e n ts  o f th e  C o lle ge . The m in o r m ay b e  in a  s e c ­
o n d  e n g in e e r in g  s u b je c t area, o r in a lo g ic a lly  c o n ­
n e c te d  n o n e n g in e e rin g  area.
S o m e re c e n t e x a m p le s  of m a jo r an d  m in o r c o m b in a ­
tio n s  are : a ir-p h o to  in te rp re ta tio n  an d  co n se rva tio n  o r 
g e o lo g y ; c o m p u te r  s c ie n c e  a n d  e le c tr ic a l sys te m s or 
in d u s tria l e n g in e e r in g ; e le c tr ic a l e n g in e e r in g  a n d  in ­
d u s tr ia l e n g in e e rin g ; e le c tr ic a l s ys te m s an d  b io lo g ic a l 
s c ie n c e  o r c o m p u te r sc ie n c e ; th e o re tica l a n d  a p p lie d  
m e c h a n ic s , an d  a e ro s p a c e  e n g in e e rin g , b io lo g ic a l 
sc ie n ce , o r m a te ria ls  sc ie n ce ; e n v iro n m e n ta l q u a lity  
a n d  e co lo g y ; e n v iro n m e n ta l s ys te m s  a n d  c ity  p la n ­
n in g  o r re g io n a l p la n n in g ; in d u s tria l e n g in e e r in g  and  
c o m p u te r  sc ie n c e ; m a te ria ls  s c ie n c e  an d  b io lo g ic a l 
s c ie n c e  o r ch e m is try ; m e c h a n ic a l e n g in e e r in g  and  
b io lo g ic a l s c ie n c e  o r o c e a n o g ra p h y ; g e o lo g y  an d  
o c e a n o g ra p h y ; a n d  tra n sp o rta tio n  an d  reg io na l 
p la n n in g .
W h a teve r c o m b in a tio n  is e le c te d  m u s t c le a rly  fo rm , in 
s c o p e  a n d  in su b s ta n ce , an e n g in e e r in g  e d u ca tio n , 
an d  sh o u ld  in c lu d e  e n g in e e r in g  d e s ig n  a n d  syn thes is  
a s  w e ll as  e n g in e e r in g  sc ie n ce s .
G ra d u a te s  o f th e  C o lle g e  P rog ram  have  p u rs u e d  
c a re e rs  an d  a d v a n c e d  s tu d ie s  in p h y s ic a l sc ie n ce s , 
m e d ic ine , b u s in e ss , a n d  law, as  w e ll as  in e n g in e e r­
in g , T he re fo re , in p la n n in g  a C o lle g e  P rog ram , s tu ­
d e n ts  sh o u ld  c o n s id e r  ca re fu lly  th e ir  fu tu re  e d u c a ­
tiona l a n d  p ro fe ss io n a l o b je c tiv e s  and , in pa rticu la r, 
the  p re re q u is ite s  fo r  a n y  fo rm a l g ra d u a te  s tu d y  in 
w h ic h  th e y  m ay b e  in te re s te d , as  w e ll a s  re q u ire ­
m en ts  fo r p ro fe ss io n a l e n g in e e r in g  lice n s in g .
Admission
S tu d e n ts  a p p ly  to  e n te r th e  C o lle g e  P rog ram  a t th e  
b e g in n in g  o f th e  s e c o n d  te rm  o f th e  s o p h o m o re  year. 
E n try  is in th e  ju n io r  year, a fte r a ll re q u ire m e n ts  o f th e  
D iv is io n  o f B a s ic  S tu d ie s  have  be e n  m et. T he  a p p lic a ­
tio n  m u s t in c lu d e  a s ta te m e n t o f o b je c t iv e  a n d  a  lis t­
ing o f p ro p o s e d  c o u rs e s  c le a rly  id e n tifie d  b y  title, 
num ber, an d  c re d it hours.
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A s tu d e n t m ay re ce ive  a ss is ta n ce  in d e v e lo p in g  his 
o r her p ro g ra m  from  p ro fe sso rs  in th e  p ro p o se d  
m a jo r a n d  m inor s u b je c t a reas  w h o  m ay be  re c o m ­
m e n d e d  by  th e  C o lle g e  P rogram  C o m m itte e  or 
a lre a d y  e n co u n te re d  by  th e  s tuden t.
A p p lic a tio n  fo rm s and  in fo rm a tion  m ay b e  o b ta in e d  
from  the  C o lle g e  P rog ram  O ffice, 170 O lin  H a ll. A fte r 
the  a p p lic a tio n  has b ee n  e n d o rse d  b y  th e  p ro fe sso rs  
re p re se n tin g  th e  p ro p o s e d  m a jo r and  m in o r areas, it 
is s u b m itte d  to  th is  O ffice  and  is then  e ith e r a p p ro v e d  
o r d is a p p ro v e d  by  th e  C o lle g e  P rog ram  C om m ittee .
An a p p ro v e d  p ro g ra m  is th e  c u rr ic u la r  c o n tra c t to 
w h ich  th e  s tuden t m ust adhere . A C o lle g e  P rogram  
p roposa l w h ich  co n s titu te s  on ly  a m in o r d e p a rtu re  
fro m  an  e s ta b lish e d  F ie ld  P rogram  w ill not 
b e  a p p ro ve d .
Degree Requirements
O n ce  a d m itte d  to  the  C o lle g e  P rog ram , s tu d e n ts  
p ro g re s s  un d e r th e  s u p e rv is io n  of th e  C o lle g e  P ro­
g ram  C om m ittee . T he ir a d v ise rs  a re  the  fa c u lty  m e m ­
b e rs  w h o  e n d o rse d  the ir p ro g ra m s, and  any co u rse  
c h a n g e s  m us t b e  a p p ro v e d  by  them . A  c h a n g e  in the  
m a jo r o r m ino r a rea , or any  e x te n s ive  ch a n g e  in 
co u rse s  th a t s u b s ta n tia lly  a lte rs  th e  o r ig in a l th ru s t of 
the  p ro g ra m , o r cu m u la tive  su b s titu tio n s  hav ing  the  
sam e  effect, m ust be  a p p ro v e d  by  th e  C om m ittee , 
w h ich  is re sp o n s ib le  fo r all o f th e  a d m in is tra tive  fu n c ­
t io n s  norm a lly  p e rfo rm e d  by  th e  fa c u lty  o f a F ie ld 
P rogram
S p e c ific  re q u ire m e n ts  fo r the  B a ch e lo r of S c ie n ce  
d e g re e  in a C o lle g e  P rog ram  are: (1) A n  a p p ro v e d  
p ro g ra m  of fou rteen  m a jo r a n d  m inor co u rse s , at least 
seven  of w h ich  m ust b e  in e n g in e e rin g . The se  m ust 
c a rry  a  m in im um  of fo rty -tw o  c re d it hours, of w h ich  at 
le as t tw e n ty -o n e  a re  to  b e  in e n g in e e rin g  s u b je c ts . (2) 
Four libe ra l s tu d ie s  e le c tiv e  co u rse s , g iv in g  a 
m in im um  o f tw e lve  hou rs  of c re d it. (3) Two fre e  e le c ­
t ive  co u rse s , g iv in g  a m in im um  of s ix  hou rs of c re d it.
Special Sponsored College Programs 
and Majors
C o lle g e  P ro g ra m s in B io en g in eerin g
A s tu d e n t w h o  is in te res ted  in b io e n g in e e rin g  or 
e n g in e e rin g -o rie n te d  p re m e d ic a l p re p a ra tio n  usua lly  
w ill f ind  it a d v a n ta g e o u s  to  fo llo w  one  of th e  o r­
g a n iz e d  b io e n g in e e rin g  o p tio n s  o ffe red  w ith in  the  
Field P rog ram s. If th e  fie ld  o p tio n s  do  not p ro v id e  a 
su itab le  p ro g ra m , an in d iv id u a liz e d  C o lle g e  P rog ram  
m ay be  fo rm u la te d . (S ee a lso  B io e n g in e e rin g , p. 32.)
C o lle g e  P rog ram  M a jo r in C o m p u te r S c ie n c e
A  s tu d e n t in te res ted  in c o n c e n tra tin g  in the  a rea  of 
c o m p u te r  s c ie n c e  d u rin g  the  u p p e rc la s s  years  
sh o u ld  co n su lt w ith  a fa c u lty  m e m b e r from  th e  D e­
pa rtm e n t of C o m p u te r S c ience , w h o  w ill h e lp  in fo r­
m u la tin g  an a p p ro p ria te  C o lle g e  P rogram . A  
m in im um  g ra d e -p o in t a v e ra g e  o f 2 .5  is usua lly  re ­
q u ire d . A ty p ic a l c o m p u te r  s c ie n c e  m a jo r m ig h t c o n ­
s is t o f th e  fo llo w in g  co u rse s  o ffe red  b y  th e  D e p a rt­
m ent of C o m p u te r S c ience .
IC S 2 1 1, C o m p u te rs  and  P ro g ra m m in g  
(e n g in e e rin g  co re  sc ie n ce )
ICS280, D isc re te  S truc tu res  
ICS314, In tro d u c tio n  to C o m p u te r S ys tem s 
an d  O rg a n iza tio n  
IC S 3 2 1 , In tro d u c tio n  to N u m erica l A n a lys is  
ICS410, D ata S truc tu res  
ICS411, P ro g ra m m in g  L a n g u a g e s  
IC S414, S ys tem s P ro g ra m m in g  a n d  O p e ra tin g  
Sys tem s 
IC S 4 8 1 , In tro d u c tio n  to  T he ory  
of C o m p u tin g  
ICS612, T ra n s la to r W riting
T h e re  is c o n s id e ra b le  f le x ib ility  in d e v is in g  a C o lle ge  
P rog ram  in C o m p u te r S c ience . C o u rse s  o th e r than 
the  o n e s  lis ted  a b o ve  m ay  be  taken , d e p e n d in g  on 
the  s tu d e n t's  in te rests . Th is  m a jo r m ust be  c o m b in e d  
w ith  a su ita b le  s u p p o rtin g  m in o r su b je c t.
C o lle g e  P rog ram  in E n e rg y  C o n vers io n
S tu d e n ts  w ho  w a n t a b ro a d ly  b a se d  e n g in e e rin g  c u r ­
r icu lu m  a im e d  at m e e ting  th e  a c c e le ra tin g  e n e rg y  
n e e d s  o f so c ie ty  sh o u ld  c o n s id e r th e  C o lle g e  P ro­
g ra m  in E n e rg y  C o nve rs ion , w h ich  c o m b in e s  e le ­
m en ts  o f th re e  c o n ve n tio n a l d is c ip lin e s : nuclear, 
the rm a l, and  e le c tr ica l e n g in e e r in g . In te re s te d  s tu ­
de n ts  shou ld  c o n su lt a m e m b e r o f th e  fa c u lty  g ro u p  
sp o n so rin g  th e  C o lle g e  P rog ram  in E n e rg y  C o n ve r­
sion: K. B. C a d y  and  D. D. C la rk  (n u c le a r e n g in e e r­
ing ), W ard L a b o ra to ry  o f N u c le a r E n g in e e rin g : B. J. 
C o n ta  a n d  F K. M oo re  (the rm a l e n g in e e r in g ), U p so n  
Hall; a n d  S. L inke  an d  C. B. W harto n  (e le c tr ic a l e n ­
g in e e rin g ), P h illip s  Hall.
A  ty p ic a l c u rric u lu m  is o u tlin e d  below . Th is  sa m p le  
cu rric u lu m  assu m e s  th a t th e  s tu d e n t has  in c lu d e d  
IM G 2 2 1 , In tro d u c tio n  to  T h e rm o d yn a m ics , and  
IEE210, In tro d u c tio n  to  E le c trica l S ys tem s, as  tw o  o f 
th e  s o p h o m o re  e n g in e e rin g  c o re  sc ie n ce s .
Term 5
IA A 350 , A d v a n c e d  E n g in e e rin g  A n a lys is  I
IM F323, F lu id  M e ch a n ics
IEE315, E le c trica l L a b o ra to ry  I
IP 2 0 1 , N u c le a r E n e rg y  and  th e  E n v ironm en t
L ibera l s tu d ie s  e le c tive
Term 6
IAA351, A d v a n c e d  E n g in e e rin g  A n a lys is  II 
IM P455, E n e rg y  C o nve rs ion  
IEE316, E le c trica l L a b o ra to ry  II 
IP303, N u c le a r S c ie n ce  a n d  E n g ine e ring  
L ibe ra l s tu d ie s  e le c tive
Term 7
IM F324, H e a t T ransfer and  T ranspo rt 
P rocesse s  
IE E 65 1 , E le c tric  E n e rg y  S ys tem s I 
IP612, N u c le a r R e ac to r T he o ry  I 
Free e le c tive  
L ib e ra l s tu d ie s  e lec tive
Term 8
IM P 4 4 1 , P ow er S ys tem s
IEE652, E le c tric  E n e rg y  S ys tem s II
IP 6 5 1 , N u c le a r M e a su re m e n ts  La b o ra to ry
Free e le c tive
L ibe ra l s tu d ie s  e le c tive
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By use o f e le c tive s  and  su b s titu tio n s  a n d  w ith  a tte n ­
t ion  to p re re q u is ite s , th e  s tu d e n t m ay in c lu d e  severa l 
o f th e  fo llow ing :
IEE671, F e e d b a c k  C o n tro l S ys tem s I 
IEE672, F e e d b a ck  C o ntro l S ys tem s II 
IEE680, E lem en ta ry  P lasm a P h ys ics  an d  
G as D isch a rg e s  
IEE681, In tro d u c tio n  to  P lasm a P h ysics 
IM F636, T u rb o m a ch in e ry  
IM G 656, A d v a n c e d  The rm a l E n g ine e ring  
L a b o ra to ry  
IM P442, P o llu tion  P rob lem s 
IM P 643, C o m b u s tio n  T he ory  
IP633, N u c le a r R e a c to r E n g ine e ring  
IP634, N u c le a r E n g in e e rin g  D e s ig n  S em inar 
IIB303, E n g in e e rin g  E co n o m ics  a n d  
S ystem s A n a lys is  
Bio, S .102, B io lo g ica l S c ie n ce s
C o lleg e  P rog ram  in E n g in e e rin g  S c ien c e
F a cu lty  m e m b e rs  o f th e  D e p a rtm e n t o f T he o re tica l 
a n d  A p p lie d  M e c h a n ic s  have  fo rm u la te d  a p ro g ra m  
in  e n g in e e rin g  s c ie n c e  w h ich  th e y  a re  p re p a re d  to  
e nd o rse . T he  p ro g ra m  has the  g e n e ra l fo rm a t ou t­
lined  below.
Term  5
E n g ine e ring  sc ie n ce  
T h e rm o d yn a m ics
M a th e m a tics  o r e n g in e e r in g  ana lys is*
P h ys ics  o r e n g in e e rin g  s c ie n c e  
L ibera l s tu d ie s  e le c tive
Term 6
E n g ine e ring  s c ie n c e  
F lu id  m e ch a n ics
M a th em a tics  o r e n g in e e rin g  a na lys is*
P h ys ics  o r e n g in e e rin g  s c ie n c e  
L ibe ra l s tu d ie s  e le c tive
Term  7
P h ys ics  o r e n g in e e rin g  s c ie n c e  
M a th e m a tics  o r e n g in e e rin g  a na lys is*
In te rm e d ia te  d y n a m ics  
F ree e le c tive  
L ibera l s tu d ie s  e le c tive
Term 8
P h ys ics  o r e n g in e e rin g  sc ie n ce  
M a th e m a tics  o r e n g in e e rin g  an a lys is *
C o n tinuum  m e ch a n ics  
Free e le c tive  
L ibe ra l s tu d ie s  e le c tive
'S u b s titu tio n  o f a o n e -ye a r c o u rse  in e xp e rim e n ta l 
m e c h a n ic s  o r p h y s ic s  fo r a o n e -ye a r c o u rse  in 
m a th e m a tics  m ay  b e  a rra n g e d .
C o lle g e  P rog ram  in E n v iro n m e n ta l and  
P u b lic  S y s te m s
In re ce n t years , sys tem s a n a lys is  has b ee n  w id e ly  
used  to  a id  in th e  p la n n in g  an d  m a n a g e m e n t o f e n ­
v iro n m e n ta l q u a lity  a n d  p u b lic  sys tem s. S tu d e n ts  w h o  
w ish  to  m a jo r in th is  a re a  g e n e ra lly  w ill c h o o s e  o n e  of 
th e  fo llo w in g  s p e c ia ltie s : w a te r re so u rce s , e co sys te m  
m ana g e m e n t, tran sp o rta tio n , o r o th e r s tu d ie s  o f p u b ­
lic  sys tem s. A  lis t o f s u g g e s te d  c o u rs e  s e le c tio n s  fo r
e a ch  o f th e s e  s p e c ia lt ie s  m a y  b e  o b ta in e d  from  th e  
D e p a rtm e n t o f E n v ironm en ta l E n g in e e rin g , 307  H o llis ­
ter Hall. The fo llo w in g  co re  c o u rs e s  o r th e ir  e q u iv a ­
le n ts  a re  re q u ire d  fo r all s p e c ia ltie s .
S ystem s A n a lys is :
IO R 3 2 0 -3 2 1 , O p tim iza tio n  M o d e ls  an d  M e th o d s  in 
In d u s tria l E n g in e e rin g  an d  O p e ra tio n s  R e sea rch  I 
a n d  II
IO R 361, P ro b a b ilis t ic  M o d e ls  in Indus tria l E n g in e e r­
ing an d  O p e ra tio n s  R esearch  
IO R 370, In tro d u c tio n  to  S ta tis tica l T he o ry  w ith  En­
g in e e r in g  A p p lic a tio n s  
IO R 260, In tro d u c to ry  E n g in e e rin g  P ro b a b ility *
E co n o m ics :
I IB 2 0 1 , E co n o m ic  A n a lys is  of th e  P riva te  S e c to r (M i­
c ro e c o n o m ic s )
IIB 202 , E co n o m ic  A n a lys is  o f G o ve rn m e n t
P u b lic  S ys tem s:
IIB 6 17—618, P u b lic  S ys tem s A n a lys is  I a n d  II 
T ranspo rta tion :
IIF621, U rb a n  T ranspo rta tion  P lann ing  I
T he  b a la n c e  o f the  p ro g ra m  w ill be  d e te rm in e d  b y  the  
s tu d e n t a n d  his o r he r adv iser. S tu d e n ts  a re  re m in d e d  
th a t fa c u lty  m e m b e rs  o f th e  d e p a rtm e n t a re  a va ila b le  
to  w o rk  w ith  them  as  a d v ise rs  in a rra n g in g  in d i­
v id u a liz e d  C o lle g e  P ro g ra m s to  m ee t s p e c ific  n e e d s  
a n d  ca re e r in te res ts .
'T h is  w o u ld  n o rm a lly  be  taken  as an e n g in e e r in g  co re  
s c ie n c e  in fu lfillm en t o f D iv is io n  o f B a s ic  S tu d ie s  re ­
qu ire m en ts .
C o lle g e  P ro g ra m  in R e g io n a l S c ien c e
T his is an in te rd is c ip lin a ry  c o u rs e  o f s tu d y  tha t e m ­
b ra c e s  e co n o m ics , s ta tis tics , p la n n in g , an d  e n g in e e r­
ing , in o rd e r to  dea l w ith  lo ca tiona l, reg io na l, and  
o th e r s p a tia l c o n s id e ra tio n s  in th e  p la n n in g  o f e n ­
g in e e rin g  w o rks  a n d  th e  a sse ssm e n t o f e nv iro nm e n ta l 
im p a c ts . W ater resou rce , tra n sp o rta tio n , an d  a ir q u a l­
ity  c o n tro l p ro je c ts  a re  e x a m p le s  o f d e v e lo p m e n ts  
th a t ca n n o t be  e ffe c tive ly  p la n n e d  a n d  im p le m e n te d  
w ith o u t an u n d e rs ta n d in g  o f th e ir  re g io n a l se ttin g  and  
tha t in vo lve  c o n s id e ra tio n  o f bo th  th e  b e h a v io r o f d e ­
c is io n  m ake rs  an d  in s titu tio n s  a n d  th e  p re fe re n c e s  of 
an a ffe c te d  pop u lace .
S tuden ts  in te re s te d  in th is  p ro g ra m  sh o u ld  co n su lt 
the  p ro g ra m  co o rd in a to r, F J. C e sa rio  o f th e  c iv il and  
e n v iro n m e n ta l e n g in e e rin g  facu lty . R e q u ire d  c o re  
c o u rs e s  a re  th e  fo llow ing .
E co n o m ics :
IIB 201 , E co n o m ic  A n a lys is  o f th e  P riva te  S e cto r 
IIB202, E co n o m ic  A n a lys is  o f G o ve rn m e n t
S ys tem s A n a lys is :
IO A 270 , B a s ic  E n g in e e rin g  S ta tis tics *
IO A 335, In tro d u c tio n  to  G a m e  T he o ry  
IO E614, F a c ilitie s  L o ca tio n  an d  D e s ign  
IO E622, O p e ra tio n s  R e sea rch  I
R e g io n a l S c ie n ce :
P u b lic  P o licy  an d  R eg iona l A n a lys is  915 , L oca tion  
T h e o ry  (S am e as R e g ion a l S c ie n ce  769)
P u b lic  P o licy  an d  R eg iona l A n a lys is  933 , M e th o d s  of 
R e g ion a l A n a lys is
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* lt is s tro n g ly  re c o m m e n d e d , a lth o u g h  no t re q u ire d , 
th a t E co n o m ics  3 2 0  b e  taken  also.
In  a d d itio n , s ix  c o u rs e s  m us t b e  c h o se n  from  am o n g  
th e  fo u r a p p lic a tio n s  a re a s  lis te d  below . A t least th re e  
a re  to  b e  taken  from  o n e  area , a n d  o n e  from  e a c h  of 
the  o th e r areas.
E n v iro n m e n ta l Q ua lity :
IIB619, E n v ironm en ta l S ys tem s A n a lys is  
IIE633, E n v ironm en ta l Q ua lity  
IIE634, A ir Q u a lity  C o n tro l 
IIB747, E n v ironm en ta l P o licy  A n a lys is
Transpo rta tion :
IIF620, T ranspo rta tion  E n g ine e ring
IIF621, U rban  T ranspo rta tion  P lann ing  I
IIF623, U rban  T ranspo rta tion  P lann ing  II
IIF624, T ranspo rta tion  S ys tem s A n a lys is
IIF643, D e s ign  an d  P lann ing  of M ass T ranspo rta tion
IIF644, T ranspo rta tion  S ys tem s E va lua tion
C ity  a n d  R e g io n a l P la n n in g :
P u b lic  P o licy  a n d  R e g ion a l A n a lys is  410 , In tro d u c tio n  
to  U rban  a n d  R eg ion a l T he ory  
P u b lic  P o licy  a n d  R eg ion a l A n a lys is  832 , S im u la tion  
in P lann ing  an d  P o licy  
U rban  P lann ing  a n d  D e ve lo p m e n t 512 , U rban 
E co n o m ic  A n a lys is  
IIH 718, W ater R e so u rce  S ys tem s
R e g io n a l a n d  D e v e lo p m e n t E co n o m ics :
E co n o m ics  371 , P ro ce ss  o f E co n o m ic  D e ve lo p m e n t 
E co n o m ics  378 , E co n o m ics , P o pu la tion , an d  D e­
v e lo p m e n t 
IIB617, P u b lic  S ys tem s A n a lys is  I 
IIB618, P u b lic  S ys tem s A n a lys is  II 
U rban  P lann ing  a n d  D e ve lo p m e n t 824 , E co n o m e tr ic  
M e th o d s  in R e g ion a l P lann ing
C o lle g e  P ro g ra m  in S u rv e y  E n g in eerin g
C o rn e ll s tu d e n ts  in te re s te d  in d e v e lo p in g  c o m p e ­
te n c e  in d ire c tin g  o r p e rfo rm in g  su rve ys  at th e  p ro fe s ­
s io na l level m ay  e n ro ll in a  re c e n tly  o rg a n iz e d  C o l­
le g e  P rog ram  in S u rve y  E n g in e e rin g . T h is  p ro g ra m  
has b ee n  fo rm u la te d  b y  fa c u lty  fro m  the  P rog ram  in 
E n v ironm enta l S e ns ing , M ea su re m e n t, an d  E va lua tion  
o f th e  S ch oo l o f C iv il an d  E n v ironm en ta l E n g ine e ring , 
a n d  fro m  th e  D e p a rtm e n t o f A g ric u ltu ra l E n g ine e ring , 
w h o  a re  p re p a re d  to  a ss is t s tu d e n ts  in fo rm u la tin g  a 
s u ita b le  c o u rse  o f study.
S u rvey ing  is  c o n c e rn e d  w ith  o b ta in in g  th e  lo ca tion , 
size, d ire c tio n , an d  o th e r g e o m e tr ic a l c h a ra c te r is t ic s  
o f p h y s ic a l fe a tu re s  on, in, o r nea r th e  earth . S u rve y ­
ing an d  m a p p in g  a re  n e c e s s a ry  p re re q u is ite s  for, and  
c o n c u rre n t e n g in e e r in g  a s p e c ts  of, m o s t la n d  p la n ­
n ing , e n g in e e rin g , fa rm in g , g e o lo g ic , h y d ro lo g ic , and  
o c e a n o g ra p h ic  o p e ra tio n s .
The c u rric u lu m  is as  fo llow s:
Term 5
A g ricu ltu ra l E n g in e e rin g  222 , E n g in e e rin g  S u rveys*
IIA 651 , F ie ld  A s tro n o m y
IIA 661 , P h o to g ra m m e try  I
IO R 260, In tro d u c to ry  E n g in e e rin g  P ro b a b ility t
F lu id  M e ch a n ics
L ib e ra l s tu d ie s  e le c tive
Term  6
IIA 641 , Lan d  S u rveys  
IIA 6 7 1 , G e o m e tr ica l G e o d e sy  
IID 301 , E lem en ts  o f Soil M e ch a n ics  
IIA 696 , S e m ina r in R e m ote  S e ns ing  
E n g in e e rin g  c o re  s c ie n c e  e le c tive  
L ibera l s tu d ie s  e le c tiv e
Term 7
IIA656, G e o m e tr ic  D a ta  A d ju s tm e n t 
IIA 687 , A e ria l P h o to g ra p h ic  In te rp re ta tio n  
A g ric u ltu ra l E n g in e e rin g  791 , T ranspo rta tion  
E n g ine e ring  
Free e le c tive  
L ib e ra l s tu d ie s  e le c tive
Term 8
IIE 3 0 1 , E n v ironm en ta l Q u a lity  E n g in e e rin g  
C iv il an d  e n v iro n m e n ta l e n g in e e r in g  e le c tiv e  
S u rvey  e n g in e e r in g  e le c tiv e  
Free e le c tive  
L ib e ra l s tu d ie s  e le c tive
*221 , P lane S u rve y in g , n o rm a lly  is  ta k e n  d u r in g  th e  
s o p h o m o re  year.
f l f  p re v io u s ly  ta ke n  in fu lfillm e n t o f B a s ic  S tu d ie s  re ­
q u ire m e n ts , a s u ita b le  su b s titu tio n  m ay b e  m ade.
S u rve y  e n g in e e r in g  e le c tiv e s  are:
M ilita ry  S c ie n c e  221 , M a p p in g : T h e o ry  an d  P ra c tice  
IIA 689 , R em ote S e n s in g  o f Earth  R e so u rce s  
IIA 6 62 , A n a ly tic  A e ro tr ia n g u la tio n  
IIA 6 85 , P h ys ica l E n v iro n m e n t E va lua tio n
The e x te n t to  w h ich  c o m p le tio n  o f th is  c o u rs e  o f s tu d y  
m a y  o r m ay no t m e e t th e  re q u ire m e n ts  o f v a rio u s  
s ta tes  fo r lic e n s u re  a s  a P ro fess io na l L an d  S u rveyo r 
sh o u ld  be. d is c u s s e d  w ith  a  m e m b e r o f th e  s p o n s o r­
in g  facu lty .
Com puter Science
(Colleges of Engineering and of Arts 
and Sciences)
U p so n  Flail
D e g re e s  O ffe re d : M a s te r o f S c ie n ce , D o c to r of 
P h ilosophy.
G . S a lton, ch a irm a n ; G. A n d re w s , A . B o ro d in , R. L. 
C o ns ta b le , R. W  C onw ay, A. D e m ers , J. E. D enn is , Jr., 
J. D onahue, D. G ries, S. P. Flan, J. H a rtm a n is , J. E. 
F lopcro ft, S. S. O w ick i, R. Te ite lbaum ,
J. H . W illiam s.
C o u rse s  o f in s tru c tio n  a re  lis te d  on  pp . 8 9 -9 2 .
C o m p u te r s c ie n c e  is a  re la tive ly  n e w  fie ld  o f s tu d y  
tha t d ra w s  on  an d  c o n tr ib u te s  to  a n u m b e r o f o th e r 
d is c ip lin e s  su ch  as  m a th e m a tics , e n g in e e rin g , lin ­
g u is tic s , a n d  p sych o lo g y . D e ve lo p m e n ts  in th is  fie ld 
a re  a lso  use fu l in re se a rch , d e ve lo p m e n t, d e s ig n , and  
m a n a g e m e n t a c tiv itie s  in th e  va rio u s  fu n c tio n a l a reas  
o f e n g in e e r in g  a n d  a p p lie d  sc ie nce .
A t C o rne ll, c o m p u te r  s c ie n c e  is c o n c e rn e d  w ith  fu n ­
d a m e n ta l kn o w le d g e  in au tom a ta , co m p u ta b ility , 
p ro g ra m m in g  la n g u a g e s , a n d  sys te m s p ro g ra m m in g ,
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as w e ll as  w ith  s u b je c ts  (such  as  n u m e rica l a n a lys is  
a n d  in fo rm ation  p ro c e s s in g ) w h ich  u n d e rlie  b ro a d  
a re a s  o f c o m p u te r a p p lic a tio n s . B e ca u se  o f th e  w id e  
im p lic a tio n s  o f rese a rch  in th e  fie ld , the  D e pa rtm en t 
o f C o m p u te r S c ie n ce  is  o rg a n ize d  as an in te rco lle g e  
d e p a rtm e n t in th e  C o lle g e  o f A rts  an d  S c ie n ce s  and  
th e  C o lle g e  o f E ng ine e ring .
Computing Facilities
The p r in c ip a l c o m p u tin g  fa c ility  a t C o rne ll is an IBM  
3 70 /168 , lo ca te d  in L a n g m u ir L a b o ra to ry  at th e  C o r­
ne ll R e sea rch  Park on  th e  p e r ip h e ry  of th e  c a m p u s  
a nd  d ire c tly  lin ke d  to sa te llite  co m p u te rs  a t five  
d iffe re n t c a m p u s  lo ca tions . The C o lle g e  o f E n g in e e r­
ing  is se rved  th ro u g h  on e  o f th e se  sa te llite  s ta tio n s  in 
U p so n  Hall, as  w e ll as b y  a  n u m b e r o f te le typ e w rite r 
te rm in a ls  in d iffe ren t lo ca tio n s . T he re  a re  m ore  th a n  a 
s c o re  o f o the r c o m p u te r  in s ta lla tio n s  o n  c a m p u s , 
ra n g in g  u p  to  a P D P -1 1. The se  a re  s p e c ia l-p u rp o s e  
in s ta lla tio ns  a n d  a c c e s s  is usua lly  res tric ted .
The Degree Programs
T he U n d erg rad u a te  C o lle g e  P rog ram
A lth o u g h  th e  D e p a rtm e n t te a c h e s  a c o m p re h e n s ive  
set o f u n d e rg ra d u a te  co u rse s , th e re  is no  u n d e r­
g ra d u a te  fie ld  p ro g ra m  in c o m p u te r  s c ie n c e  in the  
C o lle g e  o f E n g ine e ring . To m a jo r in c o m p u te r  s c ie n c e  
the  s tu d e n t m ay u tilize  th e  C o lle g e  P rog ram  le a d in g  
to th e  d e g re e  of B a ch e lo r o f S c ie n c e  (se e  p. 39, fo r a 
d e s c r ip tio n  o f a ty p ic a l C o lle g e  P rog ram  in C o m p u te r 
S c ience ). E ach  p ro g ra m  m ust b e  a p p ro v e d  a fte r fo r­
m u la tio n  b y  the  s tu d e n t and  ca n n o t b e  s p e c ifie d  in an 
a p p ro v e d  fo rm  in a d va n ce ; s tu d e n ts  in te re s te d  in a 
c o m p u te r s c ie n c e  m a jo r sh o u ld  co n su lt w ith  a  co m ­
p u te r s c ie n c e  fa c u lty  ad v ise r w h o  w ill he lp  in fo rm u la t­
ing th e  a p p ro p ria te  C o lle g e  P rogram .
M aster o f S c ien c e  and D o cto r o f P h ilo so p h y
In th e  F ie ld  o f C o m p u te r S c ience , q ua lifie d  g ra d u a te  
s tu d e n ts  can  earn  M as te r of S c ie n c e  a n d  D o c to r of 
P h ilo sophy d eg ree s .
G ra d u a te  s tu d e n ts  w h o  a re  in te re s te d  in th e  theory, 
d e s ig n , an d  use  o f a u to m a tic  c o m p u tin g  e q u ip m e n t 
as  a s u b je c t in itse lf sh o u ld  c o n s id e r th e  o p p o rtu n itie s  
fo r a d v a n c e d  tra in in g  in c o m p u te r sc ie n ce . In g e n e r­
al, they  a re  e x p e c te d  to h ave  a s tron g  b a c k g ro u n d  in 
m a th em a tics , sc ie nce , o r e n g in e e rin g , a lth o u g h  s tu ­
d en ts  w ith  e xce p tio n a l re c o rd s  from  o th e r f ie ld s  w ill 
a lso  b e  c o n s id e re d  fo r a d m iss io n . S tu d e n ts  w ith  an 
in te res t in the  a p p lic a tio n  of c o m p u te rs  to  th e ir  ow n 
m a jo r fie ld s  shou ld  c o n s id e r  a g ra d u a te  m ino r in 
co m p u te r  s c ie n c e  to  s u p p le m e n t th e ir  m a jo r fie ld  of 
study. O p p o rtu n it ie s  fo r re se a rch  a n d  s tu d y  ex is t in 
th e  fo llo w in g  a reas of c o m p u te r sc ie n ce : n um erica l 
ana lys is ; p ro g ra m m in g  la n g u a g e s  a n d  sys tem s; au ­
to m a ta  a n d  c o m p u ta b ility  theo ry ; in fo rm a tio n  o rg a n i­
za tion  a n d  re trieva l; and  a n a lys is  o f a lgo rithm s .
The p ro g ra m  fo r the  M.S. d e g re e  in vo lve s  one  y e a r of 
g ra d u a te -le ve l c o u rs e  w o rk  a n d  th e  w ritin g  of a 
thes is . B e fo re  th e  d e g re e  is a w a rd e d , a  c a n d id a te
m ust p a ss  a co m p re h e n s iv e  e xa m in a tio n  c o ve rin g  
th e  c o u rse  w o rk  a n d  th e  thes is .
A  Ph.D. p ro g ra m  usua lly  in vo lve s  a p p ro x im a te ly  tw o  
yea rs  o f g ra d u a te - le ve l c o u rse  w o rk , th e  d e m o n s tra ­
tion  o f a b ility  to  re a d  sc ie n tific  lite ra tu re  in on e  fo re ig n  
la n g u a g e  (u sua lly  F rench , G e rm an, o r R ussian), the 
p a s s in g  of a  c o m p re h e n s iv e  o ra l e xam in a tion , the 
w ritin g  o f a d isse rta tio n , a n d  a final o ra l exa m in a tio n  
on th e  d isse rta tion . The d isse rta tio n  m ust d e m ­
o ns tra te  th e  a b ility  of th e  c a n d id a te  to  c o n d u c t an 
o r ig in a l a n d  in d e p e n d e n t in ve s tig a tio n  o f h ig h  q u a lity  
an d  to  p resen t th e  re su lts  of th e  re se a rch  in a w e ll- 
o rg a n iz e d  a n d  c o g e n t manner.
It is  p o s s ib le  to  o b ta in  the  Ph.D . d e g re e  w ith o u t firs t 
re ce iv in g  th e  M .S. d e g re e , o r to  o b ta in  th e  M .S. only. 
Fu rthe r in fo rm a tion  a b o u t th e  D e p a rtm e n t's  te a ch in g  
a n d  re se a rch  a c tiv itie s  is su m m a rize d  in an  A n ­
n o u n c e m e n t tit le d  G ra d u a te  S tu d y  in  E n g in e e rin g  a n d  
A p p lie d  S c ie n c e  (se e  p. 4 fo r the  a d d re ss ). P ro s p e c ­
tive  c a n d id a te s  m ay co m m u n ic a te  w ith  the  G ra d u a te  
F a cu lty  R e p re se n ta tive  (C o m p u te r S c ie n ce ), U p son  
Hall.
Electrical Engineering
P h illips  Hall
D e g re e s  O ffe re d : B a ch e lo r o f S c ie n ce , M a s te r o f En­
g in e e r in g  (E le c tr ica l), M as te r o f S c ie n ce , D o c to r o f 
P h ilosophy.
G. C . D a lm an, d ire c to r; J. L. R osson , a s s o c ia te  d ire c ­
tor; P D. A n krum , J. M. B a lla n tyn e , T. Berger, H. D. 
B lock , R. B o lg ia n o , Jr., N. H. B ryan t, R. R. C a p ra n ica ,
H. J. C a rlin , V  W. S. C han , L. F E astm an, W. H. 
E rickso n , D. T. Farley, T. L. F ine, J. Frey, M. C . Kelley, 
M. K im , W. H. Ku, C . A. Lee, R. L. Liboff, S. L inke,
R. A. M cF arlane , H. S. M cG a u g h a n , P R. M c lsa a c ,
J. A. N a tion , B. N icho ls , R. E. O sbo rn , E. O tt, C. Pottle, 
L.B. S pencer, R. N. S u dan , G. S ze n tirm a i, C. L. Tang, 
R. J. Thom as, J. S. Tho rp , H. C. Torng, N. M. Vrana,
C. B. W harto n , G. J. W olga.
C o u rse s  o f in s tru c tio n  a re  lis te d  on  pp . 9 2 -1 0 1 .
E le c trica l e n g in e e r in g  is a ve ry  b ro a d  fie ld , a n d  th e  
c u rr ic u la  o ffe re d  b y  th e  S ch o o l o f E le c trica l E n g in e e r­
in g  a t C o rne ll re fle c t th is  d ive rs ity . The se  c u rr ic u la  
p ro v id e  a  fo u n d a tio n  in im p o rta n t a re a s  su ch  as ran ­
dom , tim e -va ria b le , linear, a n d  n o n lin e a r sys te m s and  
c irc u its ; in fo rm a tion  theory ; q u a n tu m  e le c tro n ic s  and  
p la s m a  p h ys ics ; p o w e r g e n e ra tio n  an d  p o w e r sys ­
tem s; c o n tro l sys tem s; s p a c e  a n d  o p tic a l c o m m u n i­
ca tio n ; d e s ig n  o f sw itc h in g  c irc u its ; d ig ita l p ro ce ss in g  
o f s ig n a ls ; c o m p u te r-a id e d  d e s ig n ; m ic ro w a ve  p ro p ­
a g a tio n ; ra d io  p h ys ics ; d ig ita l c irc u its , in te g ra te d  c ir ­
cu its , an d  so lid  s ta te  m ic ro w a ve  d e v ice s ; and  
b io e le c tro n ics .
The c u rric u lu m  le a d in g  to  th e  d e g re e  of B a ch e lo r o f 
S c ie n c e  in th e  F ie ld  P rog ram  in E le c trica l E n g ine e ring  
is  in te n d e d  to  g iv e  an  u n d e rs ta n d in g  o f the  m ean ing  
an d  th e  a p p lic a tio n  o f th o se  p h ys ica l law s th a t are  
b a s ic  to  e le c tr ic a l e n g in e e r in g  and , at th e  sam e  tim e, 
to  p ro v id e  fo r th e  s tu d e n t th e  o p p o rtu n ity  fo r  as  m uch  
s tu d y  in the  f ie ld s  o f h u m a n itie s  an d  so c ia l s tu d ie s  as 
is  co n s is te n t w ith  th e  o b je c tiv e s  o f m o d e rn  e d u c a tio n
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in th e  fie ld  o f e n g in e e rin g . A lso  o ffe re d  is  an  in te ­
g ra te d  p ro g ra m , re q u irin g  on e  a d d it io n a l y e a r of 
s tu d y  b e y o n d  th e  b a c c a la u re a te  de g re e , w h ic h  le a d s  
to  th e  p ro fe ss io n a l d e g re e  o f M aste r o f E n g ine e ring  
(E le c trica l). G ra d u a te  p ro g ra m s  le a d in g  to  th e  d e ­
g re e s  of M aste r o f S c ie n ce  o r D o c to r o f P h ilosophy, 
w ith  co n ce n tra tio n  in v a rio u s  s p e c ia lty  areas, a re  a lso  
ava ilab le . The u n d e rg ra d u a te  an d  g ra d u a te  p ro g ra m s  
a re  d is c u s s e d  m o re  fu lly  below , u n d e r th e  h e a d in g  
T he  D e g re e  P rogram s.
In e s ta b lish in g  the  u n d e rg ra d u a te  cu rric u lu m , the 
fa c u lty  o f th e  S ch oo l o f E le c trica l E n g in e e rin g  has 
re c o g n iz e d  th e  e n o rm o u s  s c o p e  o f e le c tr ic a l e n ­
g in e e r in g  to d a y  a n d  has  c o n c lu d e d  tha t a d e q u a te  
p re p a ra tio n  in e le c tr ic a l e n g in e e rin g  re q u ire s  e d u c a ­
tion  in th re e  m a in  a reas : E le c tro p h y s ic s , S ystem s, 
an d  Labora to ry. T he  c u rric u lu m  co n ta in s  an  in te ­
g ra te d  se rie s  of re q u ire d  c o u rs e s  in e a ch  of th e se  in­
te rre la te d  areas.
E le c tro p h y s ic s  is c o n c e rn e d  c h ie fly  w ith  th e  p h ys ica l 
law s th a t g o ve rn  th e  d e s ig n  o r a p p lic a tio n  o f e le c tr i­
ca l d e v ic e s . M o d e rn  d e v ic e s  fro m  m a c h in e s  to  la se rs  
a re  b a se d  on  p r in c ip le s  an d  p ro p e rtie s  o f e le c tr ic  
an d  m a g n e tic  fie lds , in te ra c tio n  o f fie ld s  an d  p a rti­
c le s , in te ra c tio n  o f f ie ld s  and  c irc u its , flu id  flow, k in e ­
t ic  theory, th e rm o d y n a m ic s , q u a n tu m  m e ch a n ics , 
so lid  state, p lasm a s, a n d  b io e le c tro n ic s . In th e  c u r ­
ricu lum , these  s u b je c ts  a re  tre a te d  in s ig n ifica n t 
d e p th  a n d  b re a d th . U n d e rg ra d u a te  s tu d e n ts  e n ro lle d  
in th e  F ie ld  P rog ram  in E le c trica l E n g in e e rin g  a re  re ­
q u ire d  to  c o m p le te  IEE313, IEE314, a n d  IE E 4 1 1 as a 
se q u e n c e  o f e le c tro p h y s ic s  co u rse s .
The  S ystem s  s e q u e n c e  d e a ls  w ith  th e  law s th a t g o v ­
ern  th e  in te rco n n e c tio n  in to  c irc u its  a n d  sys te m s of 
d e v ic e s  w h o se  in d iv id u a l b e h a v io r  is  sp e c ifie d , the  
re sp o n se  o f th e se  sys te m s  to  v a rio u s  in p u ts , a n d  the  
d e s ig n  o f sys te m s to  p e rfo rm  a va rie ty  o f fu n c tio n s . 
T he se  sys tem s m a y  b e  so le ly  e le c tr ic a l o r in vo lve  
tra n sd u ce rs ; th e y  m a y  c o n ta in  b o th  linea r a n d  n o n ­
lin e a r e lem e nts ; th e y  m ay  b e  pass ive , ac tive , ran d o m , 
lu m p e d , o r d is tr ib u te d . The p ro g ra m  is d e s ig n e d  to  
d e v e lo p  c o m p e te n c e  in th e  g e n e ra l m e th o d s  of 
a n a lys is  re q u ire d  fo r s u c h  sys tem s, u n d e rs ta n d in g  o f 
th e  p h y s ic a l s ig n if ic a n c e  o f th e  so lu tio n s , a n d  k n o w l­
e d g e  o f som e  a s p e c ts  o f th e  d e s ig n  o f sys te m s  fo r 
p o w e r d is tr ib u tio n , co m p u ta tio n , co n tro l, e le c tro n ic  
c ircu its , co m m u n ica tio n s , p a tte rn  c la s s if ic a tio n  a n d  
d e c is io n  theory, in s tru m e n ta tio n , a n d  b io lo g ic a l sys ­
tem s. U n d e rg ra d u a te  s tu d e n ts  e n ro lle d  in th e  F ie ld  
P rog ram  in E le c trica l E n g in e e rin g  a re  re q u ire d  to 
co m p le te  IEE311, IEE312, a n d  IEE410 as a se q u e n c e  
of c o u rs e s  in th e  sys te m s a re a  o f study.
The L a b o ra to ry  s e q u e n c e  e m p h a s iz e s  th e  c o n c e p t 
th a t n e w  d e ve lo p m e n ts  in e n g in e e r in g  p ra c t ic e  c o m e  
fro m  a  b le n d  o f th e o ry  a n d  e xp e rim e n ta tio n . L a b o ra ­
to ry  w o rk  in sys te m s  a n d  e le c tro p h y s ic s  in c lu d e s  e x ­
p e rim e n ts  in e le c tro n ic  c irc u its , in s trum en ta tion , 
m ach in e ry , e le c tro m a g n e tic s , m ic ro w a ve s , so lid  s ta te  
d e v ice s , c o m p u te r  a p p lic a tio n s , s im u la tio n  an d  m o d ­
e ling , d e te rm in is tic  a n d  ra n d o m  s ig n a l ch a n n e ls , e tc . 
E ach  o f the  th ird -y e a r la b o ra to ry  c o u rs e s  in vo lve s  tw o  
la b o ra to ry  p e r io d s  e a c h  w eek. S u ffic ien t t im e  a n d  
f le x ib ility  a re  p ro v id e d  to  a llo w  fo r in d iv id u a l e x p lo ra ­
tion , a n d  th e  g o a l is  to  e n a b le  s tu d e n ts  to  d e v is e  th e ir  
o w n e xp e rim e n ts . U n d e rg ra d u a te  s tu d e n ts  e n ro lle d  in
th e  E le c trica l E n g in e e rin g  F ie ld  P ro g ra m  are  re q u ire d  
to  c o m p le te  IEE315, IEE316, an d  s ix  a d d it io n a l hou rs  
o f e le c tr ic a l e n g in e e r in g  e le c tiv e s  w ith  labora to ry .
A  p a m p h le t, E le c tr ic a l E n g in e e rin g  a t C o rne ll, a v a ila ­
b le  from  th e  S ch o o l o f E le c trica l E n g in e e rin g , P h illip s  
H a ll, p ro v id e s  a d d it io n a l g u id a n c e  fo r u n d e rg ra d u a te  
e le c tr ic a l e n g in e e r in g  s tu d e n ts . It g iv e s  d e ta ils  on  the  
fo llo w in g  s u g g e s te d  a re a s  o f c o n c e n tra tio n  w ith in  the  
F ie ld  P rog ram  ( in c lu d in g  th e  M a s te r of E n g in e e rin g  
cu rric u lu m ): b io e n g in e e r in g ; c o m p u te r e n g in e e rin g ; 
c o n tro l sys tem s; e le c tro n ic  c irc u it  d e s ig n ; in fo rm a tion , 
co m m u n ica tio n s , an d  d e c is io n  theo ry ; m ic ro w a ve  
e le c tro n ic s ; p la s m a  p h ys ics ; p o w e r a n d  e n e rg y  sys ­
tem s; q u a n tu m  a n d  o p tic a l e le c tro n ic s ; ra d io  a n d  a t­
m o s p h e r ic  p h ys ics ; s e m ic o n d u c to r  d e v ic e s  a n d  a p ­
p lica tio n s .
Laboratory and Research Facilities
A  w id e  va r ie ty  o f e xce lle n t fa c ilit ie s  a re  a v a ila b le  fo r 
b o th  u n d e rg ra d u a te  a n d  g ra d u a te  s tu d e n ts  e n ro lle d  
in th e  F ie ld  P rog ram  in E le c trica l E n g in e e rin g . M ost o f 
th e  u n d e rg ra d u a te  an d  g ra d u a te  in s tru c tio n  is  g ive n  
in P h illip s  Hall, a  m o d e rn  b u ild in g  w ith  m ore  than  
1 00 ,000  s q u a re  fee t o f flo o r sp a ce . F a c ilitie s  in c lu d e  
c la ss ro o m s , o ffice s  fo r  fa c u lty  a n d  g ra d u a te  s tu d e n ts , 
c o n fe re n c e  room s, m a ch in e  a n d  e le c tro n ic s  shop s, 
m in ic o m p u te r fa c ilit ie s , a n d  a va r ie ty  o f la b o ra to rie s . 
E ach  of tw o  u n d e rg ra d u a te  la b o ra to rie s  is  s e rve d  by  
a s to ck ro o m  c o n ta in in g  m o d e rn  e le c tr ic a l a n d  e le c ­
tro n ic  e q u ip m e n t a n d  re la te d  in s tru m e n ts  n e e d e d  to  
im p le m e n t th e  la b o ra to ry  s e q u e n c e  o f c o u rse s . A  
n u m b e r o f e le c tr ic a l e n g in e e r in g  la b o ra to rie s  a re  d e ­
v o te d  so le ly  to  g ra d u a te  s tu d ie s  a n d  re se a rch  p ro ­
g ra m s . A m o n g  th e s e  a re  la b o ra to rie s  fo r  re se a rch  in 
sys te m s  a n d  ne tw o rks , in c lu d in g  c o n tro l sys tem s, 
a n a lo g  c o m p u te rs , an d  sw itc h in g  c irc u its ; m ic ro w a ve  
e le c tro n ic s ; b io e le c tro n ic s ; s e m ic o n d u c to r  a n d  in te ­
g ra te d  c irc u it  la b o ra to rie s , in c lu d in g  a m o d e rn  c le a n  
room ; q u a n tu m  a n d  o p tic a l e le c tro n ic s , in c lu d in g  
h ig h  p o w e r lasers; p la s m a  a n d  g a s  d is c h a rg e  
p h e n o m e n a ; a n d  h ig h -e n e rg y  p u lse  pow er. T he  in te r­
n a tio n a lly  know n  N a tiona l A s tro n o m y  a n d  Io n o sp h e re  
C e n te r in A re c ib o , P uerto  R ico, e m p lo y in g  a 1 ,000 
foo t d ia m e te r ra d io  w a v e  re flecto r, is u s e d  fo r re ­
s e a rc h  s tu d ie s  o f th e  u p p e r  a tm o s p h e re  a n d  fo r  re ­
se a rc h  in ra d io  a s tro n o m y  a n d  ra d a r astronom y.
The Degree Programs
B a ch e lo r o f  S c ien c e
E n try  in to  th e  F ie ld  of E lec trica l E n g in e e rin g  co m e s  
a fte r c o m p le tio n  o f th e  firs t tw o  u n d e rg ra d u a te  yea rs  
in th e  D iv is io n  o f B a s ic  S tud ies . T he  u p p e rc la s s  p ro ­
g ra m  o f s tu d y  is  o u tlin e d  below.
Term 5 C re d its
IE E 311, A n a lys is  o f E le c trica l S ys tem s I 4
IEE313, E le c tro m a g n e tic  F ie ld s  an d  W aves 4
IEE315, E le c trica l L a b o ra to ry  I 4
L ibe ra l s tu d ie s  e le c tiv e  3
T ech n ica l o r fre e  e le c tiv e ' 3
Term 6
IEE312, A n a lys is  o f E le c trica l S ys tem s II 4
IEE314, E le c tro m a g n e tic  F ie ld s  a n d  W aves 4
E lec trica l E n g in eerin g  45
IEE316, E lec trica l L a b o ra to ry  II 4
L ibera l s tu d ie s  e le c tive  3
Tech n ica l o r free  e le c tive *  3
Term  7
IEE410, R a ndom  S igna ls  in S y s te m s t 4
IE E 411, Q uan tum  T he o ry  an d  A p p lic a t io n s !  4
E. E. e le c tive  w ith  la b o ra to ry  3  o r 4
L ibera l s tu d ie s  e le c tiv e  3
T ech n ica l o r free  e le c tive *  3
Term 8
E. E. e le c tive  w ith  L a b o ra to ry  3 o r 4
E. E. e le c tiv e + t 3 or 4
E. E. e le c t iv e ! !  3 o r 4
L ibera l s tu d ie s  e le c tive  3
T ech n ica l o r fre e  e le c tive * 3
'D u r in g  e n ro llm en t in th e  E lec trica l E n g ine e ring  Fie ld 
P rogram , a s tuden t m ust sa tis fa c to rily  co m p le te  tw o  
te c h n ic a l a n d  tw o  free  e le c tive s . T he  o rd e r in w h ich  
these  e le c tiv e  re q u ire m e n ts  a re  fu lfille d  is th e  s tu ­
d e n t's  cho ice .
!U p o n  pe titio n  to  th e  F a cu lty  C o m m itte e , a s tu d e n t 
m ay  b e  a llo w e d  to  su b s titu te  an  a p p ro p ria te  te c h n ic a l 
c o u rs e  fo r one  o f these  re q u ire d  co u rse s .
! !S tu d e n ts  h a v in g  sp e c ia l ca re e r g o a ls  m ay p ro p o se  
a p p ro p ria te  te c h n ic a l o r p ro fe ss io n a l e le c tiv e s  to  
su b s titu te  fo r th e  e le c tr ic a l e n g in e e r in g  e le c tive s . The 
a p p ro va l of th e  a d v is e r  is  re q u ire d  fo r such  
su b s titu tio n s .
A  w id e  se le c tio n  of e le c tiv e  c o u rs e s  in the  F ie ld  of 
E lec trica l E n g ine e ring  is  a va ila b le  to  fo u r-ye a r s tu ­
den ts . The  fie ld  e le c tiv e s  a re  lis te d  below.
Theory o f S ys tem s a n d  N e tw o rks  
IEE620, B io e le c tr ic  S ystem s 
IEE621, In tro d u c tio n  to  B io m e ch a n ics , 
B io e n g in e e rin g , B io n ics , a n d  R obo ts 
IEE623, A c tiv e  a n d  D ig ita l N e tw o rk  
D e s ign
IEE624, C o m p u te r M e th o d s  in E lec trica l 
E n g ine e ring  
IEE625, C o m p u te r A id e d  N e tw o rk  
D e s ign
IEE627, F u n d a m e n ta ls  o f L inea r N e tw orks  
IEE628, N e tw o rk  T he o ry  a n d  A p p lic a tio n s  
IE E 721 , T he o ry  o f L in e a r S ys tem s 
IEE722, T he ory  o f N o n linea r S ys tem s
E le c tro n ics
IEE430, In tro d u c tio n  to  Lase rs  
a n d  O p tic a l E le c tro n ics  
IEE432, S o lid  S ta te  P h ys ics  and  
A p p lic a tio n s  
IE E 53 1 , E le c tro n ic  C ircu it D e s ign  I 
IEE532, E lec tron ic  C irc u it D e s ign  II 
IEE631, S e m ic o n d u c to r E le c tro n ics  I 
IEE632, S e m ic o n d u c to r  E le c tro n ics  II 
IEE633, S o lid  S ta te  M ic ro w a ve  D e v ices  
and  S u b sys te m s I 
IEE634, S o lid  S ta te  M ic ro w a ve  D e v ices  
and  S u b sys te m s II 
IEE635, In te g ra te d  C ircu it T ech no lo gy  
IEE636, C ircu it D e s ig n  fo r In te g ra tio n  
IEE731, Q uan tum  E le c tro n ic s  I 
IEE732, Q uan tum  E le c tro n ics  II 
IEE733, O p to -E le c tro n ic  D e v ices  
IEE734, N o n linea r O p tic s
IEE735, S o lid  S ta te  D e v ice s  I 
IEE736, S o lid  S ta te  D e v ice s  II 
IEE737, The P h ys ics  of S o lid  S ta te  
D e v ice s  I 
IEE738, T he  P h ys ics  of S o lid  S tate 
D e v ice s  II
P o w e r S ys tem s a n d  M a ch in e ry  
IE E 55 1 , C o n te m p o ra ry  E lec trica l 
M a ch in e ry  I 
IEE552, C o n te m p o ra ry  E lec trica l 
M a c h in e ry  II 
IEE651, E le c tric  E n e rg y  S ys tem s I 
IEE652, E lec tric  E n e rg y  S ys tem s II
C o m m u n ica tio n s , In fo rm a tion , a n d  D e c is io n  Theory  
IEE661, C o d in g  A lg o rith m s  
IEE662, F un dam en ta l In fo rm a tion  T he ory  
IEE663, S ta tis tica l A s p e c ts  of 
C o m m u n ica tio n  
IEE664, D e c is io n  M ak ing  in P a tte rn  C la ss ifica tio n  
IEE761, R a ndom  P ro ce sse s  in 
E lec trica l S ys tem s I 
IEE762, R a ndom  P ro ce sse s  in 
E le c trica l S ys tem s II 
IEE763, A d v a n c e d  In fo rm a tion  T he ory  
IEE764, F o u n d a tio n s  o f In fe re n ce  and  
D e c is io n  M ak ing
C o m p u tin g  S ys tem s a n d  C o n tro l 
IEE671, F e e d b a c k  C o n tro l S ys tem s I 
IEE672, F e e d b a ck  C o n tro l S ys tem s II 
IEE674, A n a lo g -H y b rid  C o m p u ta tio n  
IEE675, S w itch in g  C irc u its  a n d  L o g ic  D e s ign
IEE676, C o m p u te r S truc tu res  
IEE677, C o m p u te r A rc h ite c tu re  a n d  D e s ig n  I 
IEE678, C o m p u te r A rc h ite c tu re  an d  D e s ig n  II 
IEE771, E s tim a tion  an d  C o n tro l in 
D isc re te  L in e a r S ys tem s 
IEE772, O p tim a l C o n tro l an d  E stim ation  
fo r C o n tin u o u s  S ys tem s 
IEE773, R a ndom  P ro ce sse s  in C o n tro l 
S ys tem s
R a d io  a n d  P lasm a  P h ys ics  a n d  E le c tro m a g n e tic  
Theory
IEE410, The rm a l an d  S ta tis tica l 
P h ys ics  fo r  E n g ine e rs  
IE E 58 1 , W ave P h en o m e n a  in th e  A tm o sp h e re  
IEE582, R a d io  E n g ine e ring  
IEE680, E lem en ta ry  P lasm a  P h ys ics  a n d  
G as D is c h a rg e s  
IEE681, In tro d u c tio n  to  P lasm a P h ys ics  
IEE682, A d v a n c e d  P lasm a P h ys ics  
IEE683, E le c tro d yn a m ics  
IEE684, M ic ro w a ve  T he o ry  
IEE685, U p p e r A tm o sp h e re  P h ys ics  I 
IEE686, U p p e r A tm o s p h e re  P h ys ics  II 
IEE687, R a d iow ave  P ro p a g a tio n  I 
IEE688, R a d io w a ve  P ro p a g a tio n  II 
IEE781, K in e tic  T he ory  
IEE782, N o n lin e a r P h enom ena  in P lasm a 
P h ys ics
The  s c h o la s tic  re q u ire m e n t fo r e le c tr ica l e n g in e e rin g  
s tu d e n ts  is a  m in im u m  g ra d e -p o in t a v e ra g e  of 1.8 in 
th ird -a n d  fo u rth -ye a r co u rse s . A s tu d e n t fa ilin g  to  
m ake  sa tis fa c to ry  p ro g re s s  to w a rd  a deg ree , as e v i­
d e n c e d  b y  a low  ave rage , b y  c o u rse  fa ilu re s , o r by
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lo w  g ra d e s  in m a jo r co u rse s , m a y  b e  a llo w e d  an  a d ­
d itio n a l te rm  in w h ich  to  m eet th e  s c h o la s tic  re q u ire ­
m ents, o r m ay b e  s u s p e n d e d  from  th e  S choo l.
M aster o f E n g in eerin g  (E lec trica l)
The p u rp o s e  of th is  d e g re e  p ro g ra m  is to  o ffe r d e p th  
o f s tu d y  in bo th  c o m p re h e n s iv e  a n d  sp e c ia liz e d  e le c ­
trica l e n g in e e rin g  s u b je c ts  a n d  to  o ffe r m a te ria l w h ich  
ca n  e x te n d  th e  a b ilitie s  o f the  e le c tr ica l e n g in e e r to  
o th e r fie lds.
The ge n e ra l re q u ire m e n ts  fo r th e  d e g re e  a re  g ive n  on  
p. 13. S p e c if ic  re q u ire m e n ts  fo r th e  M .E ng . (E le c tr i­
ca l)  d e g re e  in c lu d e  a m in im um  o f fo u r c o u rs e s  in a d ­
v a n c e d  e le c tr ic a l e n g in e e rin g , c o n s is tin g  o f tw o  a p ­
p ro ve d  p a irs  c h o s e n  from  a d e s ig n a te d  lis t o n  file  
w ith  th e  M .E ng. (E le c tr ica l)  adviser.
T he re q u ire d  e n g in e e rin g  d e s ig n  p ro je c t is  a c ­
c o m p lis h e d  on an  in d iv id u a l bas is , an d  a  fo rm a l re ­
p o rt m ust b e  su b m itte d . D e s ig n  p ro je c ts  a re  o ften  
s p o n so re d  by  in d u s try  o r g o ve rn m e n ta l a g e n c ie s . 
R ecen t p ro je c ts  h ave  in c lu d e d  th e  d e s ig n  o f an  e le c ­
tr ic  au tom ob ile , a ra d io  d e e r- tra c k in g  sys tem  fo r c o n ­
se rva tion  p u rp o se s , e le c tro n ic  in s tru m e n ta tio n  fo r 
b lo o d  te s tin g , m illim e te r-w a ve  d e te c to rs , a n d  a re ­
m o te ly  co n tro lle d  ve h ic le  fo r e x p lo r in g  p la n e ta ry  
su rfa ce s .
The re  a re  no  re s id e n c e  re q u ire m e n ts , a lth o u g h  all 
c o u rse  w o rk  m ust, in g e n e ra l, b e  c o m p le te d  un d e r 
C o rne ll U n ive rs ity  s ta ff in s tru c tio n . The d e g re e  re ­
q u ire m e n ts  m ust no rm a lly  b e  c o m p le te d  w ith in  a 
pe rio d  o f fo u r c a le n d a r years . A  m in im u m  g ra d e -p o in t 
a v e ra g e  o f 2 .5  m us t b e  m a in ta ined .
M aster o f  S c ien c e  and  D o cto r o f P h ilo so p h y
The re q u ire m e n ts  fo r th e  d e g re e  o f M aste r o f S c ie n ce  
a n d  D o c to r o f P h ilo so p h y  a re  d e s c r ib e d  in th e  A n ­
n o u n c e m e n t o f  the  G ra d u a te  S choo l. The se  a re  re ­
s e a rch  d e g re e s  th a t in vo lve  re s id e n c e  on th e  c a m p u s  
an d  su b m iss io n  o f a thes is .
In  th e  S ch oo l o f E lec trica l E n g ine e ring , re se a rch  w o rk  
le a d in g  to  th e se  d e g re e s  m ay b e  u n d e rta ke n  in the  
a rea  of e le c tro p h y s ic s  in c lu d in g  ra d io  p ro p a g a tio n , 
ra d io  an d  ra d a r astronom y, e le c tro m a g n e tic s , p la sm a  
ph ys ics , p h ys ica l a n d  m ic ro w a ve  e le c tro n ics , m ic ro ­
w a ve  so lid  s ta te  d e v ic e s , in te g ra te d  c irc u its , m a te ­
r ia ls  s c ie n c e  a n d  so lid  s ta te  p h y s ic s  in e le c tr ic a l e n ­
g in e e rin g , q u a n tu m  e le c tro n ic s  a n d  la se r o p tic s , 
b io m e d ic a l e le c tro n ic s , e le c tr ic  p o w e r conve rs ion , 
e le c tr ica l b re a kd o w n  phe n o m e n a , e tc ., o r in th e  a rea 
o f sys te m s  in c lu d in g  in fo rm a tion  a n d  d e c is io n  theory, 
n e tw o rk  theory, p o w e r a n d  e n e rg y  sys tem s, c o m ­
m u n ica tio n s  sys tem s, c o n tro l sys tem s , sw itc h in g  c ir ­
cu its , d ig ita l ne tw o rks , c o m p u te rs  a n d  co m p u te r- 
a id e d  d e s ig n , c o g n it iv e  sys tem s, e tc . A n u m b e r o f fe l­
lo w sh ips , rese a rch  a ss is ta n tsh ip s , an d  te a c h in g  as- 
s is ta n tsh ip s  a re  a v a ila b le  to  c a n d id a te s  fo r th e  M.S. 
a n d  Ph.D . d e g re e s  w h o  a re  d o in g  th e ir  th e s is  re ­
s ea rch  in the  S ch o o l o f E lec trica l E ng ine e ring .
A  d e s c r ip tio n  o f th e  fe ld  an d  so m e  o f th e  rese a rch  
p ro je c ts  now  b e in g  c o n d u c te d  at th e  s ch o o l is  in ­
c lu d e d  in a s p e c ia l A n n o u n ce m e n t. G ra d u a te  S tu d y  
in  E n g in e e rin g  a n d  A p p lie d  S c ie n c e !see  p. 4).
Furthe r in fo rm a tio n  m a y  b e  o b ta in e d  from  th e  
G ra d u a te  F a cu lty  R e p re se n ta tive  (E le c tr ic a l E n g in e e r­
ing ), P h illip s  Hall.
Environm ental Engineering
S e e  p. 34.
G eologica l Sciences
(Colleges of Engineering and of Arts 
and Sciences)
K im b a ll Hall
D e g re e s  O ffe re d : B a ch e lo r o f S c ience , M as te r o f S c i­
ence , D o c to r o f Ph ilosophy.
J . E. O liver, ch a irm a n ; J . M. B ird , A. L. B loom , B. 
B o n n ich se n , J. L. C isne, B. L. Isacks , D. E. K a rig , S. 
K a u fm an, G. A. K ie rsch , W. B. T ravers, D. L. Turcotte.
C o u rse s  o f in s tru c tio n  a re  lis te d  on  pp . 10 1 -1 0 4 .
S tu d y  in g e o lo g ic a l s c ie n c e s  is  o ffe re d  fo r s tu d e n ts  
w h o  a re  p re p a r in g  fo r  c a re e rs  in so lid  ea rth  sc ie nce , 
fo r  th o se  w h o  w a n t a  b ro a d  b a c k g ro u n d  in the  
g e o lo g ic a l sc ie n c e s  as  p re p a ra tio n  fo r  c a re e rs  in 
o th e r fie lds , o r fo r those  w h o  w ish  to  c o m b in e  g e o lo g ­
ica l tra in in g  w ith  o th e r s c ie n c e s  s u c h  as  agronom y, 
a s tro n o m y  a n d  s p a c e  sc ie nce , b io lo g ic a l s c ie n ce s , 
chem is try , e c o n o m ic s , m a th e m a tics , p h ys ics , o r v a r i­
ous  fie ld s  of e n g in e e rin g . The o rg a n iz a tio n  of th e  D e­
p a rtm e n t o f G e o lo g ic a l S c ie n c e s  as  a n  in te rc o lle g e  
d e p a rtm e n t in th e  C o lle g e  o f A rts  a n d  S c ie n c e s  and  
th e  C o lle g e  o f E n g in e e rin g  fa c ilita te s  th e  s tru c tu r in g  
of in d iv id u a liz e d  p ro g ra m s  o f study.
A t th e  g ra d u a te  leve l, in te rd is c ip lin a ry  p ro g ra m s  lead 
to  th e  M as te r of S c ie n c e  a n d  D o c to r o f P h ilo sophy  
d e g re e s  in g e o lo g ic a l sc ie n ce s . The  D e p a rtm e n t 
m a in ta in s  a n u m b e r of s tro n g  re se a rch  p ro g ra m s , 
w ith  th e  new  th e o ry  o f p la te  te c to n ic s  se rv in g  as  the  
c o m m o n  fo cu s  fo r m a n y  of them .
G e o lo g ic a l s c ie n c e s  m a y  b e  c h o s e n  as  a  s tu d y  
p ro g ra m  in a p ro fe ss io n a l e n g in e e r in g  fie ld  (see  
M aste r o f E n g in e e rin g  d e g re e  p ro g ra m , p. 13).
The D e p a rtm e n t re c o m m e n d s  th a t its  s tu d e n ts  have  
s tro n g  p re p a ra tio n  in m a th e m a tic s  an d  th e  b a s ic  s c i­
e n c e s  o r e n g in e e r in g ; fo r s tu d e n ts  w ith  s u c h  tra in in g , 
tra n s fe r to  g e o lo g ic a l sc ie n c e s  at a n y  leve l is  e n c o u r­
a g e d . T he  c u rr ic u lu m  is  d e s ig n e d  to  a c c o m m o d a te  
s tu d e n ts  w h o  h ave  no  in tro d u c to ry  e d u c a tio n  in g e o l­
o g y  b u t a re  o th e rw ise  w e ll qua lif ie d .
Laboratory and Research Facilities
T he o u tlo o k  o f th e  D e p a rtm e n t is g lo b a l in scope , and  
its  a c tiv itie s  a re  w id e s p re a d .
A  n e tw o rk  o f s e is m o g ra p h s  an d  re la te d  in s tru m e n ts  is 
o p e ra te d  in th e  T on ga -F iji-N ew  H e b rid e s  a rea  o f the
G e o lo g ic a l S c ien c es  47
South P acific , an d  th e re  is a  se is m o g ra p h  s ta tio n  on 
the  Ith a ca  c a m p u s . A n e x te n s ive  m icro film  co lle c tio n  
of re co rd s  of the  W orld  W ide  N e tw o rk  of S ta n d a rd ize d  
S e ism o g ra p h s  is a va ila b le  for s tu d ie s  of e a rth q u a ke s  
th ro u g h o u t th e  w o rld . Two 2 4 -ch a n n e l re flec tion  se is ­
m o g ra p h s , g ra v im e te rs , m a g n e to m e te rs , an d  o the r 
g e o p h y s ic a l in s tru m e n ta tio n  a re  ava ilab le .
In ve s tig a tio n s  in m a rin e  g e o lo g y  m ay b e  p u rsu e d  
a b o a rd  re se a rch  ve sse ls  o r at a  m arine  la b o ra to ry  
o p e ra te d  b y  C o rne ll a t th e  Is les  o f S h oa ls  off th e  N ew  
H a m p sh ire  coast.
R esearch  in s truc tu ra l geo logy, te c to n ics , se d im e n ta ­
tion, pe tro logy , e n g in e e rin g  geo logy , m inera l d e ­
pos its , a n d  a rea l a n d  re g io na l g e o lo g y  is  c a rrie d  ou t 
a t a  va rie ty  o f fie ld  sites. T he  lis t in c lu d e s  Indones ia , 
Taiwan, is lands  o f th e  S outh  P acific , B ritish  C o lum b ia , 
O reg on , the  S nake  R iver Plain, th e  D u lu th  C o m p lex , 
N e w fo u n d la n d , and  th e  C a rib b e a n . A  p ro g ra m  of 
d e e p  se ism ic  re flec tion  p ro filing  in vo lve s  s ites 
th ro u g h o u t the  U n ited  States.
The  Ith a ca  re g io n  is p a rtic u la rly  su ite d  fo r re se a rch  in 
s tra tig rap hy, pa leon to lo gy , ge o m o rp h o lo g y , a n d  g la ­
c ia l geo logy, an d  th e  n e a rb y  A d iro n d a c k  area , w h ere  
C o rne ll has  a fie ld  ca m p , is a  c la s s ic  one  fo r s tu d ie s  
in m e ta m o rp h ic  a n d  ig n e o u s  petro logy.
A t C o rne ll the  D e p a rtm e n t m a in ta ins  w e ll-e q u ip p e d  
g e o lo g ic a l s c ie n c e s  la b o ra to rie s , w h ich  a re  a u g ­
m en te d  b y  sp e c ia l a d v a n c e d  e q u ip m e n t a va ila b le  in 
o th e r p a rts  o f th e  U n iversity. E xce p tio n a lly  g o o d  c o l­
le c tio n s  o f m ine ra ls , o res , foss ils , and  re ce n t m o llu sks  
are  o n  hand. F a c ilities  a re  a lso  a va ila b le  to  the  
s p e c ia liz e d  in ve s tig a to r at th e  P a le o n to lo g ica l R e­
sea rch  Institu tion , a p r iva te  o rg a n iza tio n , lo c a te d  near 
th e  cam pus.
The Degree Programs
B a ch e lo r o f S c ien c e
In th e  C o lle g e  of E n g in e e rin g , s tu d e n ts  in te re s te d  in 
e n te r in g  the  F ie ld  P rog ram  in G e o lo g ica l S c ie n ce s  fo l­
lo w  th e  B a s ic  S tu d ie s  P rog ram  fo r th e  first tw o  years.
It is re c o m m e n d e d  th a t G e o lo g y  IGE101 and  IG E102, 
C h e m is try  208 , and  fo r th o se  s tu d e n ts  in te res ted  in 
geo b io logy , B io lo g ica l S c ie n ce s  1 0 1 -1 0 2  a n d  1 0 3 - 
104 b e  taken  as  e le c tive s  d u r in g  th is  p e rio d .
S tuden ts  in th e  F ie ld  P rog ram  in G e o lo g ica l S c ie n ce s  
a re  re q u ire d  to  co m p le te  th e  fo llo w in g , o r th e ir  e q u iv ­
a lents : (1 ) the  s ix  co re  c o u rs e s  in G e o lo g ica l S c i­
en ce s : IG E325, IG E345. IG E 355, IG E356, IG E376, 
an d  IG E388; (2) an  a c c e p ta b le  sum m e r fie ld  course , 
o r the  e q u iva len t; an d  (3) fou r a p p ro v e d  a d va n c e d  
co u rse s  in p hys ics , chem istry , b io logy, en g in e e rin g , 
o r m a th em a tics . P rog ram s d u rin g  th e  th ird  an d  fou rth  
yea rs  a re  as fo llow s:
Term  5 C re d its
G e o lo g ica l S c ie n ce s  IG E 355 4
G e o lo g ica l S c ie n ce s  IG E 376 4
R e qu ired  s c ie n c e  c o u rse  3 o r 4
L ibera l e le c tiv e  3
T echn ica l o r free  e le c tiv e  3 o r 4
Term  6
G e o lo g ica l S c ie n ce s  IG E 356 4
G e o lo g ic a l S c ie n ce s  IG E 325 4
R e q u ire d  s c ie n c e  c o u rs e  3 o r 4
L ibe ra l e le c tiv e  3
G e o lo g ic a l S c ie n ce s  IG E 704 6
or
T ech n ica l o r free  e le c tiv e  3 o r 4
A  sum m e r fie ld  c o u rse  is re q u ire d  u n le ss  a p p ro v a l fo r 
an a lte rn a tive  fie ld  e x p e rie n c e  is  g ra n te d .
Term  7
G e o lo g ic a l S c ie n ce s  IG E 3 45 4
R e qu ired  s c ie n c e  c o u rse  3  o r 4
L ibera l e le c tiv e  3
T ech n ica l o r free  e le c tive  3  o r 4
Term 8
G e o lo g ic a l S c ie n c e s  IG E 388 4
R e qu ired  s c ie n c e  c o u rse  3 o r 4
L ibe ra l e le c tiv e  3
Tech n ica l o r free  e le c tiv e  3  o r 4
Free e le c tive  3  o r 4
S tu d e n ts  in te n d in g  to  s p e c ia liz e  in g e o p h y s ic s  sh o u ld  
s e le c t th e ir  re q u ire d  s c ie n c e s  fro m  th e  fo llo w in g  
co u rse s  o r th e ir  e q u iva le n ts : M a th e m a tics  421 - 4 2 2 -  
423 , A p p lic a b le  M a th em a tics ; IA A 3 5 0 -3 5 1 , A d ­
v a n c e d  E n g in e e rin g  A n a lys is  I a n d  II; IP355, In te r­
m e d ia te  E le c tro m a g n e tism ; IP333, M e c h a n ic s  of Par­
t ic le s  an d  S o lid  B o d ies ; IP456, In te rm e d ia te  E le c ­
tro d yn a m ics ; IP434, C o n tinuum  P h ys ics ; P h ys ics  410, 
A d v a n c e d  E xp e rim e n ta l P hys ics ; IA B 610 , In tro d u c ­
tion  to  C o n tin u u m  M e ch a n ics .
S tu d e n ts  in te n d in g  to  s p e c ia liz e  in g e o c h e m is try  ( in ­
c lu d in g  pe tro logy , m inera logy, an d  m ine ra l d e p o s its ) 
sh o u ld  se le c t th e ir  re q u ire d  s c ie n c e s  from  th e  fo llo w ­
in g  c o u rs e s  o r th e ir  e q u iva le n ts : C h e m is try  300 , In­
tro d u c to ry  Q u a n tita tive  A n a lys is ; C h e m is try  301 , Ex­
p e rim en ta l C h e m is try  I; C h e m is try  302 , E xp e rim e n ta l 
C h e m is try  II; C h e m is try  303 , E xp e rim e n ta l C h e m is try  
III; C h e m is try  3 5 7 -3 5 8 , In tro d u c to ry  O rg a n ic  C h e m is ­
try; C h e m is try  3 8 9 -3 9 0 , P hys ica l C h e m is try  I an d  II; 
C h e m is try  410 , In o rg a n ic  C h em is try ; IT K 3 1 1, S tru c ­
tu re  a n d  P ro p e rtie s  o f M ate ria ls ; ITK335 , T he r­
m o d y n a m ic s  o f C o n d e n se d  S ystem s.
S tu d e n ts  in te n d in g  to  s p e c ia liz e  in g e o b io lo g y  shou ld  
s e le c t th e ir  re q u ire d  s c ie n c e s  from  the  fo llo w in g  
c o u rs e s  o r th e ir  e q u iva le n ts : B io lo g ica l S c ie n ce s  316, 
In ve rte b ra te  Z o o lo g y ; B io lo g ic a l S c ie n c e s  4 3 1 -4 3 2 , 
P rin c ip le s  o f B io ch e m is try ; B io lo g ic a l S c ie n ce s  145, 
P lant B io lo gy ; B io lo g ic a l S c ie n ce s  448 , P lan ts  and  
T im e  (P a leobo tany ); B io lo g ica l S c ie n c e s  361 , G enera l 
E co lo g y ; B io lo g ica l S c ie n ce s  373 , The  V ertebra tes; 
B io lo g ica l S c ie n ce s  476 , O rg a n ic  E vo lu tion ; B io lo g i­
ca l S c ie n ce s  281 , G ene tics ; C h e m is try  253 , E lem en­
ta ry  O rg a n ic  C h em is try ; IG E471, Inve rte b ra te  
P a leon to logy.
S tu d e n ts  w h o  w ish  to  p u rs u e  fu rth e r tra in in g  o r im ­
m e d ia te  e m p lo y m e n t in a p p lie d  g e o lo g y  
(e n v iro n m e n ta l/e n g in e e rin g  ge o lo g y , m ine ra l e x p lo ra ­
t ion  an d  e x p lo ita tio n , g ro u n d  water, p e tro le u m  g e o l­
ogy, o r g e o lo g ic a l e n g in e e r in g ) sh o u ld  se le c t the ir 
re q u ire d  s c ie n c e s  fro m  th e  fo llo w in g  c o u rs e s  o r the ir 
e q u iva le n ts , w ith  tw o  of fo u r from  th e  sa m e  fie ld : 
A g ro n o m y  301 , Id e n tifica tio n , A p p ra is a l an d  G e o g ­
ra p h y  o f So ils; A g ro n o m y  701, Soil C h em is try ; A g ­
ro n o m y 607 , Soil P hys ics ; IID 301, E lem en ts  o f Soil
4 8  In d u stria l E n g in eerin g  and  O p e ra tio n s  R esearch
M e ch a n ics ; IID 610, E n g in e e rin g  P ro p e rtie s  o f Soils; 
IIA 685 , P h ys ica l E n v ironm en t E va lua tion ; ITE331, 
S tru c tu re  an d  P ro p e rtie s  o f M ate ria ls ; ITE446, 
M e ch a n ica l P ro p e rtie s  o f M ate ria ls ; IIC 301, F lu id  
M e ch a n ics ; IIC 302, H y d ra u lic  E n g in e e rin g ; IIE301, 
E n v ironm en ta l Q u a lity  E n g in e e rin g ; M a th e m a tics  
4 2 1 -4 2 2 -4 2 3 , A p p lic a b le  M a th e m a tics ; IO R 260, In­
tro d u c to ry  E n g in e e rin g  P ro b a b ility ; IO R 370, In tro d u c ­
tio n  to  S ta tis tica l T h e o ry  w ith  E n g ine e ring  
A p p lica tio n s .
S tu d e n ts  w h o  w a n t a  m o re  g e n e ra l b a c k g ro u n d , or 
w h o  w ish  to  rem a in  u n c o m m itte d  w ith  re g a rd  to  s p e ­
c ia lty, m u s t c h o o s e  a t le as t tw o  o f th e  fo u r re q u ire d  
s c ie n c e  c o u rs e s  from  th e  sa m e  fie ld , a n d  all fo u r re ­
q u ire d  s c ie n c e  c o u rs e s  m us t b e  a t th e  3 0 0  leve l o r 
above ,
A  to ta l o f fo u r lib e ra l e le c tiv e s  a re  no rm a lly  taken  d u r­
in g  te rm s  5, 6, 7, a n d  8, in a d d it io n  to tw o  te ch n ica l 
e le c tiv e s  an d  tw o  fre e  e le c tive s . T he  te c h n ic a l e le c ­
tive s  m a y  b e  c h o s e n  fro m  o ffe r in g s  in g e o lo g ic a l s c i­
e n c e s  o r in o th e r s c ie n c e  o r e n g in e e r in g  f ie ld s , an d  
m a y  be c o u rs e s  a ls o  a p p ro v e d  as re q u ire d  sc ie n ce s .
S tu d e n ts  in te n d in g  to  pu rsu e  g ra d u a te  s tu d y  in g e o l­
o g y  a re  re m in d e d  tha t m any  g ra d u a te  sch o o ls  re ­
q u ire  p ro fic ie n c y  in re a d in g  th e  sc ie n tific  lite ra tu re  in 
on e  o r tw o  o f the  th re e  la n g u a g e s  F rench , G e rm an, o r 
R ussian. U n d e rg ra d u a te  p re p a ra tio n  in at least on e  o f 
th e se  la n g u a g e s  is th e re fo re  a d va n ta g e o u s .
O u ts ta n d in g  s tu d e n ts  in th is  p ro g ra m  m a y  re q u e s t 
su b s titu tio n  o f an  h o n o rs  th e s is  fo r  a  fo u rth -ye a r te c h ­
n ica l e lective .
C o lle g e  P ro g ra m . S tu d e n ts  w h o  w ish  to  fo llo w  a 
p ro g ra m  of s tu d y  in g e o lo g ic a l s c ie n c e s  s u b s ta n tia lly  
d iffe ren t from  th o se  o u tlin e d  a b o v e  m ay  d o  so  u n d e r 
th e  C o lle g e  P rogram . S u ch  s tu d e n ts  sh o u ld  co n su lt 
w ith  th e  a p p ro p ria te  fa c u lty  m e m b e rs  as  e a rly  as 
poss ib le . A  d e s c r ip tio n  o f th e  C o lle g e  P rog ram  is 
g ive n  on  p. 38.
M a s te r o f S c ie n c e  and  D o cto r o f P h ilo so p h y
The p ro g ra m  of g ra d u a te  s tu d y  in the  F ie ld  of G e o lo g ­
ica l S c ie n c e s  is d e s ig n e d  to  g iv e  b ro a d  tra in in g  in 
b o th  th e  fie ld  an d  th e  labora to ry.
A  m a jo r s u b je c t m ay  be  se le c te d  from  th e  fo llo w in g : 
e c o n o m ic  g e o lo g y ; e n g in e e r in g  g e o lo g y ; e n v iro n ­
m enta l g e o lo g y ; g e o b io lo g y ; p a le o n to lo g y  and  
s tra tig ra p h y ; g e o chem is try , m ine ra logy , pe tro log y ; 
g e o m o rp h o lo g y ; g e o p h y s ic s ; g e o te c to n ic s  an d  s tru c ­
tu ra l g e o lo g y ; m a rin e  g e o lo g y ; p h ys ica l g e o g ra p h y ; 
a n d  se ism o logy.
M in o r s u b je c ts  a re  s e le c te d  from  those  lis te d  above, 
o r from  P le is to ce n e  geo logy , hyd ro g e o lo g y , s e d im e n ­
ta tion , an d  o ce a n o g ra p h y , o r from  o th e r a re a s  such  
as  agronom y, botany, e n g in e e rin g , chem istry , 
m a th em a tics , ph ys ics , m a te ria ls  sc ie nce , w a te r re ­
so u rce s , zoo logy, th e  b io lo g ic a l sc ie n ce s , o r ce rta in  
n o n sc ie n tific  fie lds . Ph.D. d e g re e  c a n d id a te s  s e le c t at 
least on e  m in o r s u b je c t o u ts id e  th e  F ie ld. C o o p e ra tive  
g ra d u a te  p ro g ra m s  in m any  in te rd is c ip lin a ry  a reas  
a re  ava ilab le .
D e ta ile d  in fo rm a tio n  a b o u t the  M.S. a n d  Ph.D . p ro ­
g ra m s  is g ive n  in th e  A n n o u n c e m e n t o f  the  G ra d u a te
S ch oo l, an d  a d e s c r ip tio n  o f g ra d u a te  s tu d y  o p p o r ­
tu n it ie s  in g e o lo g ic a l s c ie n c e s  is in c lu d e d  in  th e  A n ­
n o u n ce m e n t, G ra d u a te  S tu d y  in  E n g in e e rin g  a n d  
A p p lie d  S c ie n c e  (se e  p. 4). Fu rthe r in fo rm a tio n  m ay 
b e  o b ta in e d  b y  w ritin g  to  th e  G ra d u a te  F a cu lty  R e p ­
re se n ta tive  (G e o lo g ic a l S c ie n ce s ), K im b a ll Hall.
Industrial Engineering and 
O perations Research
U p s o n  Hall
D e g re e s  O ffe re d : B a ch e lo r o f S c ience , M as te r o f En­
g in e e r in g  ( In d u s tr ia l) . The  p ro g ra m s  in th is  fie ld  are  
a d m in is te re d  by  th e  S ch oo l o f In d u s tria l E n g in e e rin g  
a n d  O p e ra tio n s  R e sea rch . T he  g ra d u a te  F ie ld  o f O p ­
e ra tio n s  R e sea rch  o ffe rs  th e  M as te r o f S c ie n c e  and  
D o c to r o f  P h ilo so p h y  d e g re e s ; se e  p. 62.
B. W  S a u n d e rs , d ire c to r ; R. N. A llen , R. E. B echhofer, 
L. J. B ille ra , E. K. C lem ons , D, R. F u lke rson , D. C, 
H ea th , W. E Lu ca s , W. L. M axw e ll, J. A . M u crs ta d t,
G. L. N em hauser, N. U. P rabhu , M. W  S a m p so n , T J. 
S antner, A . S ch u ltz , Jr., M. S. Taqqu, H . M. Taylor 3d, 
M. J. Todd, L. E. Trotter, Jr., B. W  Turnbu ll, L. I. W eiss.
C o u rse s  o f in s tru c tio n  a re  lis te d  o n  pp . 1 0 4 -1 0 9 . 
In d u s tria l e n g in e e r in g  a n d  o p e ra tio n s  re se a rch , the  
m o s t ra p id ly  g ro w in g  fie ld  o f e n g in e e r in g  today, o ffe rs  
o p p o rtu n itie s  fo r w o rk  in a  b ro a d  ra n g e  o f a c tiv itie s  
in vo lv in g  in te g ra te d  sys te m s o f p eo p le , m a te ria ls , and  
e q u ip m e n t.
In d u s tria l e n g in e e r in g  is d e fin e d  as th e  d e s ig n , im ­
p ro ve m e n t, an d  in s ta lla tio n  of such  sys tem s; th e  p r in ­
c ip le s  an d  m e th o d s  o f e n g in e e r in g  a n a lys is  a n d  d e ­
s ig n  a re  u se d  to  spec ify , p re d ic t, an d  e v a lu a te  th e  
re su lts  to  be  o b ta in e d  fro m  them . O p e ra tio n s  re ­
s e a rc h  is c o n c e rn e d  w ith  th e  u n d e rly in g  s c ie n c e  of 
o p e ra tio n a l p h e n o m e n a , a n d  s in ce  all s ys te m s are  
o p e ra tio n a l, th is  d is c ip lin e  is  c lo s e ly  re la te d  to 
in d u s tria l e n g in e e rin g .
The  s c o p e  a n d  m e th o d s  o f in d u s tria l e n g in e e rin g  
have  e x p a n d e d  g re a tly  in  re ce n t yea rs , in re sp o n se  
to  new  a n d  in c re a se d  n e e d s  o f p u b lic  a n d  p riva te  o r­
g a n iz a tio n s  an d  th e  a v a ila b ility  o f n e w  to o ls  a n d  skills. 
Tw enty ye a rs  ago , nea rly  a ll in d u s tria l e n g in e e rin g  
w a s  p ra c t ic e d  in th e  m a n u fa c tu rin g  p h a se  o f the  
m e ch a n ica l g o o d s  in d u s trie s , b u t to d a y  th e  w o rk  of 
in d u s tria l e n g in e e rs  e x te n d s  to  a v e ry  b ro a d  range  of 
sys te m s p ro b le m s  an d  areas.
A s a resu lt, the  C o rn e ll p ro g ra m  in in d u s tria l e n g in e e r­
in g  an d  o p e ra tio n s  re se a rch  is id ea l fo r th o se  p re p a r­
ing  to  b e  sys te m s e n g in e e rs , re g a rd le s s  o f th e  ty p e  o f 
sys tem  o f in te rest. B y  p ro p e r c h o ic e  o f e le c tiv e s  and  
te c h n o lo g ic a l s e q u e n ce s , a  s tu d e n t e n ro lle d  in the  
F ie ld  P rog ram  in In d u s tria l E n g in e e rin g  an d  O p e ra ­
tio n s  R e sea rch  ca n  p la n  a  p ro g ra m  to  e m p h a s iz e  in ­
d u s tr ia l system s, in fo rm a tion  sys tem s, tra n sp o rta tio n  
sys tem s, co m m u n ic a tio n  sys tem s, h e a lth -ca re  sys ­
tem s, o r so m e  c o m b in a tio n  o f these. If a  s tu d e n t p re ­
fe rs  to  p re p a re  fo r a  ca re e r in re se a rch  in  the  u n d e rly ­
in g  s c ie n c e  an d  m e th o d o lo g y  on  w h ich  m o d e rn  sys-
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te rns e n g in e e rs  d e p e n d , a  p ro g ra m  ca n  b e  a r ra n g e d  
to  in c lu d e  m ore  c o u rs e s  in m a th e m a tics  an d  o p e ra ­
tio n s  resea rch .
M any s tu d e n ts  en te r in g  th e  f ie ld  a re  un su re  o f th e ir  
ca re e r g o a ls  o r a re  un fa m ilia r w ith  th e  m u ltitu d e  of 
o p p o rtu n itie s  a va ila b le .T h e  c u rr ic u lu m  has  been  
p la n n e d  w ith  th is  In m ind . The  sc ie n tific  b a s is  an d  
m e th o d o lo g y  tha t u n d e rlie  a p p lic a tio n s  in a ll fie ld s  
are  e m p h a s ize d , ra th e r th a n  any  p a rtic u la r  te c h n o lo g ­
ica l o rien ta tio n . For th o se  s tu d e n ts  w h o  d o  have  
w e ll-d e fin e d  go a ls , a m p le  e le c tive  c h o ic e s  a re  p ro ­
v id e d  so tha t they  c a n  b e g in  th e  p ro c e s s  o f s p e c ia li­
za tion .
B e ca u se  o f th e  f le x ib ility  a n d  d iv e rs ity  o f the  p ro g ra m , 
it a p p e a ls  to  a b ro a d  ra n g e  o f s tu d e n ts  an d  le a d s  to  
an  even  b ro a d e r ra n g e  o f ca re e r o p p o rtu n itie s . 
G ra d u a te s  a re  e m p lo y e d  b y  m a n u fa c tu rin g  an d  se rv ­
ic e  in dus tries , b y  p u b lic  and  p riva te  re se a rch  o rg a n i­
za tions, an d  by  p r iva te  co n su lt in g  firm s. T hey are  
w o rk in g  not on ly  w ith  in d u s tria l sys tem s , b u t a lso  in 
s u ch  a reas as tra n sp o rta tio n , d is tr ib u tio n , u rban  
s tud ie s , m ilita ry  lo g is tic s , w e a p o n s -s y s te m s  ana lys is , 
re ta iling , finance , an d  p u b lic  hea lth .
Laboratory and Research Facilities
The S choo l o f Indus tria l E n g in e e rin g  an d  O p e ra tio n s  
R e sea rch  is h o u se d  in U p son  Hall, w h e re  a va ila b le  
fa c ilit ie s  in c lu d e  a re m o te  te rm in a l of the  U n ive rs ity 's  
c o n tro l com pute r. The sch o o l is  on e  o f th e  p r in c ip a l 
use rs  o f th e  U n ive rs ity 's  C o m p u tin g  Center, w h ich  
co n s titu te s  a b a s ic  la b o ra to ry  fo r  s tu d e n ts  o f in d u s ­
tria l e n g in e e rin g  an d  o p e ra tio n s  resea rch . 
C o m p u te r-b a s e d  w o rk  is  e s p e c ia lly  im p o rta n t in up - 
p e rc la s s  c o u rse s  a n d  in g ra d u a te  re se a rch . M any re ­
se a rch  p ro b le m s  an d  p ro je c ts  in e n g in e e rin g  d e s ig n  
are  s u p p lie d  by  in d u s tria l p la n ts  lo c a te d  In th e  area, 
by  U n ive rs ity  o p e ra tio n s , a n d  b y  c o m m u n ity  a c tiv ities .
The Degree Programs
B a ch e lo r o f S c ien c e
T he firs t tw o  ye a rs  of u n d e rg ra d u a te  s tu d y  are  a d ­
m in is te re d  by  the  D iv is ion  o f B a s ic  S tud ies . S tu d e n ts  
m ay en te r th e  S ch oo l o f In d u s tria l E n g in e e rin g  an d  
O p e ra tio n s  R e sea rch  in the  ju n io r year.
D u ring  th e  so p h o m o re  year, a s tu d e n t w h o  p la n s  to 
m a jo r in in dustria l e n g in e e r in g  a n d  o p e ra tio n s  re ­
se a rch  m us t e le c t, as on e  o f th e  fo u r e n g in e e rin g  
co re  sc ie n ce s , In tro d u c to ry  E n g in e e rin g  P ro b a b ility  
IO A 260. If a s e c o n d  c o re  s c ie n c e  from  th e  m a th e m a ­
t ic s  g ro u p  is d e s ire d , IO A 2 13  w o u ld  b e  an  e xce lle n t 
cho ice , a lth o u g h  it is no t re q u ire d . A n o th e r go o d  
c h o ic e  m ig h t b e  C o m p u te r S c ie n ce  IC S 2 1 1, s in ce  it 
is  re q u ire d  in th e  fifth  te rm  o f th e  IE/O R p ro g ra m  if it 
has not b ee n  taken  d u r in g  th e  s o p h o m o re  year. O ther 
c o re  sc ie n ce  c h o ic e s  w o u ld  d e p e n d  on the  g o a ls  o f 
th e  in d iv id u a l s tuden t. If, fo r instance, a s tuden t 
w ish e d  to  c o n c e n tra te  la te r s tu d ie s  in som e  b ra n c h  of 
e le c tr ica l sys tem s, he  o r she sh o u ld  in c lu d e  IEE210 
am o n g  the  co re  sc ie n ce s . If a s tu d e n t's  in te res ts  
w e re  d ire c te d  to w a rd  m a n u fa c tu rin g  sys tem s, then 
IAK221 sh o u ld  be  in c lu d e d . P rope r c h o ic e s  at the
so p h o m o re  leve l w ill e n h a n c e  c o n s id e ra b ly  th e  e le c ­
t iv e  c h o ic e s  tha t ca n  b e  m a d e  d u r in g  th e  fou rth  and  
fifth  yea rs . E a rly  co n su lta tio n  w ith  an IE /O R  fa c u lty  
m e m b e r o r w ith  th e  d ire c to r  ca n  be  e s p e c ia lly  he lp fu l 
in m a k in g  a p p ro p ria te  ch o ic e s . In the  ju n io r ye a r (the  
firs t in th e  f ie ld ), th e  fo llo w in g  p ro g ra m  of c o u rs e s  is 
re q u ire d  so  tha t th e  s tu d e n t w ill b e  p re p a re d  fo r the  
o p tio n s  tha t a re  a va ila b le  in th e  fou rth  year.
Term 5 C re d its
IO R 320, O p tim iza tio n  M e th o d s  I 4
IO R 350, C o s t A c c o u n tin g , A n a lys is , 
a n d  C on tro l 4
IO R 370, In tro d u c tio n  to S ta tis tica l 
T he o ry  w ith  E n g in e e rin g  A p p lic a tio n s  4
IC S 2 1 1, C o m p u te rs  a n d  P ro g ra m m in g * 3
L ib e ra l s tu d ie s  e le c tive  3
Term 6
IO R 321, O p tim iza tio n  M e th o d s  II 3
IO R 3 6 1 , P ro b a b ilis tic  M o d e ls  in IE/O R 4
IO R 383, A p p lic a tio n s  of C o m p u te r 
S c ie n ce  in IE /O R 4
B e havo ria l s c ie n c e !  3
L ib e ra l s tu d ie s  e le c tive  3
*lf IC S 2 1 1 is c o m p le te d  d u r in g  th e  so p h o m o re  year, 
an a p p ro p ria te  th re e  c re d it  ho u r te c h n ic a l e le c tiv e  
m a y  b e  su b s titu te d  b y  a g re e m e n t w ith  th e  IE/OR 
adviser.
!T h e  b e h a v io ra l s c ie n c e  re q u ire m e n t c a n  b e  sa tis fie d  
b y  any on e  o f seve ra l c o u rs e s  of an a d v a n c e d  nature. 
P o ss ib le  c o u rse s  in c lu d e  B u s in e ss  a n d  P u b lic  A d ­
m in is tra tio n  N B B 520, N B B 521, o r N B F602. Indus tria l 
an d  L a b o r R e la tions  121 a lso  co ve rs  m a n y  o f th e  
n e ce ssa ry  to p ic s . For th o se  c o n te m p la tin g  th e  p u rsu it 
o f a  g ra d u a te  b u s in e ss  d e g re e , N B B 5 2 0  is  re c o m ­
m e n d e d . T he  a d v is e r m ust a p p ro v e  th e  se le c tio n  in 
a ll cases .
T h e  F o u rth  Year F lexib ility . B e ca u se  m o d e rn  in d u s ­
tria l e n g in e e r in g  a n d  o p e ra tio n s  re se a rch  co ve rs  
su c h  a w id e  s p e c tru m  o f in te res ts , an d  b e c a u s e  s tu ­
d e n ts  a p p ro a c h in g  th e ir  fou rth  ye a r o f s tu d y  have  
b e g u n  to  id e n tify  th e ir  p a rt ic u la r in te res ts , o p tio n a l 
s e q u e n c e s  co v e r in g  th e  m a jo r a re a s  of s p e c ia liza tio n  
are  o ffe re d  fo r th e  sen io r yea r p ro g ra m . E ach  s tu d e n t 
m ust se le c t tw o  tw o -c o u rs e  se q u e n c e s  from  a n  a p ­
p ro v e d  list. A t le as t one  o f these  se q u e n c e s  m us t be  
in IE/O R; th e  s e c o n d  m a y  be  in som e  o the r 
te c h n o lo g ic a l area. T h is  o p tio n  is  d e s ig n e d  to  a c ­
c o m m o d a te  th e  n e e d s  o f s tu d e n ts  w h o  in te n d  to  
a p p ly  th e ir  s ys te m s m e th o d o lo g y  in a  fie ld  o th e r than 
IE/OR.
In a d d it io n , on e  te ch n ica l e lec tive , one  libe ra l s tu d ie s  
e le c tive , and  one  free  e le c tiv e  a re  c h o se n  e a c h  term . 
The te c h n ic a l e le c tive s  ca n  b e  se le c te d  from  th e  o p ­
tiona l s e q u e n ce s , o r can  b e  a d d it io n a l m a th e m a tica l 
c o u rse s  o r a p p ro p ria te  te c h n o lo g ic a l c o u rse s . The 
fre e  e le c tiv e s  ca n  b e  se le c te d  fro m  the  o ffe r in g s  of 
any  d iv is io n  o f the  U n iversity. B e ca u se  of th e  f le x ib ility  
tha t th is  p ro g ra m  offe rs , it is im p e ra tive  tha t e le c tive s  
b e  c h o se n  ca re fu lly . The d ire c to r  o f th e  S ch oo l shou ld  
b e  c o n s u lte d  ea rly  b y  e a c h  s tu d e n t to  en su re  tha t the  
s tu d e n t’s o b je c tiv e s  c a n  b e  re a lize d . M any s tuden ts , 
fo r in s tan ce , e le c t to  se e k  a m a s te r's  d e g re e  from  the  
G ra d u a te  S ch o o l o f B u s in e ss  an d  P u b lic  A d m in is tra ­
tion , an o p tio n  tha t is fa c ilita te d  b y  e a rly  p la n n in g . De-
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ta ils  of the  a rra n g e m e n ts  tha t are  p o s s ib le  to r a  c o m ­
b in e d  e n g in e e rin g  an d  b u s in e ss  p ro g ra m  are  d is ­
c u s s e d  b e lo w  u n d e r C o o p e ra tive  P rog ram  w ith  B us i­
ness  a n d  P u b lic  A d m in is tra tio n .
T he b a s ic  c u rric u lu m  fo r th e  fou rth  year, from  w h ich  
in d iv id u a lize d  p ro g ra m s  a re  d e v e lo p e d , c o m p r is e s  
th e  fo llo w in g  courses :
Four co u rse s  co n s is tin g  of tw o  C red its
tw o -co u rse  se q u e n c e s  as
d e s c r ib e d  be lo w  m in im um  of 12
Tw o te ch n ica l e le c tive s  
(th e se  ne e d  not b e  s e q u e n tia l)  6
T w o  libe ra l s tud ie s  e le c tive s  6
Two fre e  e le c tive s  6
A va ila b le  IE/O R se q u e n c e s  a re  as  fo llow s:
C red its
Indus tria l sys tem s: IO R 4 1 0 a n d  IO R 421* 8
In fo rm a tion  sys tem s: IC S 410  a n d  IO R 682 8
O p tim iza tio n  m e th ods: IO R 437 a n d  IO R 435 8
A p p lie d  s ta tis tics : IOR471 a n d  IO R 570 7
‘ This se q u e n c e  m us t be  se le c te d  b y  s tu d e n ts  w h o  
p lan  to  p a rtic ip a te  in th e  co o p e ra tiv e  p ro g ra m  w ith  
th e  G ra d u a te  S ch oo l o f B u s in e ss  an d  P u b lic  A d ­
m in is tra tion
S tu d e n ts  w h o  have  e s ta b lish e d  s p e c ific  c a re e r g o a ls  
an d  w ish  to a p p ly  th e  IE /O R m e th o d o lo g y  in o the r 
te c h n o lo g ic a l a reas, s u ch  as m e ch a n ica l e n g in e e r­
ing, m a n u fa c tu rin g  p ro ce ss in g , e n v iro n m e n ta l e n ­
g in e e rin g , p u b lic  sys tem s, h e a lth -ca re  sys tem s, o r 
u rban  sys tem s, m ay su b s titu te  a c o u rse  s e q u e n ce  
a p p ro p ria te  to  th e  o u ts id e  d is c ip lin e  fo r one  o f th e  re ­
q u ire d  IE/O R se q u e n ce s . E xa m p le s  o f p o s s ib le  
se q u e n ce s  o u ts id e  IE /O R are:
C re d its
M a n u fa c tu rin g  sys tem s: IM M 311 and 
IM M 612  6
T ranspo rta tion  sys tem s: IIF621 and  IIF624 7
P ub lic  sys tem s: IIF614 a n d  IIF618  6
E lec trica l sys tem s: IEE311 a n d  IEE312 8
N u m erica l m e th ods : ICS321 an d  IC S 322 8
O th e r s e q u e n c e s  a re  p o s s ib le  a n d  sh o u ld  be  
c h e c k e d  w ith  th e  s tu d e n t ’s adviser.
These  o p tio n s , to g e th e r w ith  an a p p ro p ria te  c h o ic e  o f 
te ch n ica l e le c tive s , e n a b le  a s tu d e n t to  ea rn  at least 
tw e lve  c re d it hou rs  in a te c h n o lo g ic a l fie ld  o the r than 
IE/OR. T h roug h  an a p p ro p ria te  c h o ic e  o f fre e  e le c ­
tive s  a lso , as m any  as e ig h te e n  c re d it  ho u rs  ca n  b e  
ea rn e d  in th e  s e c o n d a ry  d isc ip lin e .
The IE/O R p ro g ra m  is  d e s ig n e d  to  p ro v id e  a r ig o ro u s  
b a s ic  a n a ly tica l m e th o d o lo g y  an d  ye t b e  flex ib le  
eno u g h  to a c c o m m o d a te  in d iv id u a l go a ls . Early and  
fre q u e n t c o n su lta tio n  w ith  a fa c u lty  a d v ise r is n e c e s ­
sary if a g o o d  fou rth  year p ro g ra m  is to  b e  a ch ie ve d .
C o lle g e  P ro g ram . S o m e s tu d e n ts  p re fe r to  e m ­
p h a s ize  one  p a rtic u la r  fa ce t o f in d u s tria l e n g in e e rin g  
and  o p e ra tio n s  re se a rch , s u c h  as  s ta tis tics , p ro b a b il­
ity, o r m a th e m a tica l p ro g ra m m in g , an d  c o m b in e  th is  
w ith  s tu d ie s  in an o th e r area , su ch  as  b io logy, c o m p u ­
te r sc ie nce , m a th em a tics , m a th e m a tica l e co n o m ics , 
e co n o m e tr ics , o r ch e m ica l o r en v iro n m e n ta l e n g in e e r­
ing. S u ch  d ive rs ity  ca n  b e  a c h ie v e d  th ro u g h  a  C o l­
le g e  P rog ram  (see  p. 38), w h ich  p e rm its  th e  s tu d e n t 
to  c h o o s e  a  m a jo r a n d  a m in o r fie ld  of s tu d y  in a 
c o m p le te ly  p la n n e d  u p p e rc la s s  cu rricu lu m . It shou ld  
be  no te d , how ever, tha t s u ch  o b je c tiv e s  c a n  usua lly  
be  m e t w ith in  th e  f le x ib ile  IE /O R F ie ld  P rogram .
A c a d e m ic  R e q u ire m e n ts . S ch o la s tic  re q u ire m e n ts  
fo r  th e  fie ld  a re  a p a ss in g  g ra d e  in e ve ry  course , 
m a in te n a n ce  of a g ra d e -p o in t a v e ra g e  o f a t le as t 2 .0, 
a n d  sa tis fa c to ry  p ro g re s s  to w a rd  co m p le tio n  o f the  
d e g re e  re q u ire m e n ts . The  s tu d e n t’s p e rfo rm a n c e  is 
re v ie w e d  a t th e  co n c lu s io n  of e a c h  te rm .
G ra d u ate  P ro g ra m s in IE /O R
A t th e  c o n c lu s io n  of th e  fo u r-ye a r p ro g ra m , s tu d e n ts  
w h o  w ish  to  c o n tin u e  th e ir  s tu d ie s  in th e  b ro a d  fie ld  o f 
in d u s tria l a n d  sys tem s e n g in e e r in g  o r in o p e ra tio n s  
re se a rch  m a y  a p p ly  fo r  one  of tw o  g ra d u a te  p ro ­
g ra m s  a va ila b le  at C o rne ll. O ne, o ffe red  b y  the  
g ra d u a te  F ie ld  o f O p e ra tio n s  R e sea rch , e m p h a s ize s  
re se a rch  a n d  b a s ic  th e o re tica l co n te n t an d  le a d s  to  
th e  M a s te r of S c ie n ce  o r D o c to r o f P h ilo so p h y  d e g re e  
(se e  pp . 6 2 -6 4 ) .  T he  o the r p ro g ra m , in te n d e d  for 
th o se  s tu d e n ts  w h o  a re  in te re s te d  in a p p lie d  o p e ra ­
t io n s  re se a rch  o r sys te m s e n g in e e r in g — w h e th e r in 
industry , g o ve rn m e n t, o r th e  s e rv ice  s e c to rs — le ads 
to  th e  p ro fe ss io n a l d e g re e  o f M aste r o f E n g ine e ring  
(Ind us tria l).
M a s te r  o f E n g in eerin g  (In d u s tria l)
This on e -ye a r p ro fe ss io n a l d e g re e  p ro g ra m  is 
a p p lic a tio n -o rie n te d  ra ther than  re se a rch -o rie n te d , 
an d  re q u ire s  co m p le tio n  of a p ro je c t. The c o u rs e  
w o rk  ce n te rs  on  a d d it io n a l s tu d y  o f a n a ly tica l 
te ch n iq u e s , w ith  p a rt ic u la r  e m p h a s is  on  e n g in e e rin g  
a p p lic a tio n s , e s p e c ia lly  in th e  d e s ig n  o f new  o r im ­
p ro ve d  m a n -m a ch in e  sys tem s, in fo rm a tion  sys tem s, 
a n d  c o n tro l sys tem s.
Th is  p ro g ra m  is  in te g ra te d  w ith  th e  C o rn e ll u n d e r­
g ra d u a te  d e g re e  p ro g ra m  in in d u s tria l e n g in e e r in g  
an d  o p e ra tio n s  re se a rch , an d  s tu d e n ts  w h o  a p p ly  
du rin g  the ir se n io r year w ill g e n e ra lly  be  a d m itte d  if 
th e ir  p a s t p e rfo rm a n c e  in d ic a te s  th e  a b ility  to  d o  
g ra d u a te  w o rk . S in ce  th e re  is som e  in te rc h a n g e a b ility  
in th e  a p p lic a tio n s  c o u rse s  a va ila b le  d u r in g  th e  fou rth  
an d  fifth  yea rs , ca re fu l p la n n in g  o f th e  w o rk  is n e e d e d  
a n d  e a rly  c o n su lta tio n  w ith  an  a d v is e r is re c o m ­
m e n d e d .
R e q u e s ts  fo r a d m iss io n  from  C o rn e ll u n d e rg ra d u a te s  
in e n g in e e rin g  p ro g ra m s  o th e r th a n  th e  IE/O R F ie ld  
P rog ram  are  w e lco m e . A lso  c o n s id e re d  a re  non- 
C o rn e llia n s  w h o  ho ld  a b a c c a la u re a te  d e g re e  in a 
fie ld  o f e n g in e e r in g  from  an  in s titu tio n  o f re c o g n iz e d  
s ta n d in g , h ave  a d e q u a te  p re p a ra tio n  fo r g ra d u a te  
s tu d y  in in d u s tria l e n g in e e r in g , an d  show  p ro m is e  of 
d o in g  w e ll in a d v a n c e d  study. S tu d e n ts  from  these  
g ro u p s  m a y  ne e d  to  fo llo w  a s lig h tly  d iffe re n t c u r ­
ricu lu m  than  th e  one  p la n n e d  fo r C o rn e ll IE /O R un ­
d e rg ra d u a te s . To a ssu re  co m p le tio n  o f th e  p ro g ra m  in 
o n e  c a le n d a r year, th e  e n te r in g  s tu d e n t sh o u ld  have  
c o m p le te d  c o u rs e s  in p ro b a b ility  th e o ry  an d  b a s ic  
p ro b a b ilis tic  m o d e ls  an d  in c o m p u te r p ro g ra m m in g , 
a n d  sh o u ld  have  a c q u ire d  so m e  fu n d a m e n ta l kn o w l­
e d g e  o f e c o n o m ic  c o n c e p ts  re q u ire d  fo r d e c is io n
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m a k in g . S tuden ts  w h o  d o  no t have  th e se  p re re q u is ­
ite s  m us t b e  p re p a re d  to  ta ke  at le as t th re e  se m e s ­
te rs  o f c o u rs e  w o rk  to  q u a lify  fo r th e  d e g re e . The  tw o  
p a ra lle l c o u rs e  p ro g ra m s  le a d in g  to  th e  M aste r o f 
E n g ine e ring  (In d u s tr ia l)  d e g re e  a re  o u tlin e d  below .
I. For m a tric u la n ts  w ith  p rep a ra tio n  c o m p a ra b le  to  
th a t p ro v id ed  by th e  u n d e rg ra d u a te  F ield  P rog ram  
in IE /O R :
F a ll te rm
IO R 516, M a th e m a tica l M ode ls  
IO R 680, D ig ita l S ys tem s S im u la tion  
IO R 898, P ro je c t L a b o ra to ry  
IO R 893, S em inar 
D e p th  e le c tive  
B re a d th  e le c tive
S p rin g  te rm
IO R 551, A d v a n c e d  E co n o m ic  
A n a lys is  
IO R 899, P ro jec t W ork 
IO R 894, S em inar 
D e p th  e le c tive  
B re a d th  e le c tive
C re d its
4
4
1
1
m in im um  o f 3 
m in im u m  of 3
m in im u m  o f 4 
1
m in im u m  o f 3 
m in im u m  o f 3
T he  e le c tive s  s p e c ifie d  a b o ve  w ill no rm a lly  b e  c h o se n  
from  g ra d u a te  c o u rs e s  o ffe re d  b y  th e  D e p a rtm e n t of 
O p e ra tio n s  R esearch . T he  d e p th  e le c tiv e  w ill g e n e r­
a lly  c o n tin u e  s tu d y  in o n e  o f th e  to p ic s  e le c te d  to 
sa tis fy  o n e  of th e  fo u rth -ye a r s e q u e n c e  re q u ire m e n ts . 
The  b re a d th  e le c tiv e  w ill g e n e ra lly  be  o n e  of these  
se q u e n c e s  a va ila b le  in th e  fou rth  ye a r (se e  lis ting  
u n d e r B a ch e lo r o f S c ie n ce ) b u t not se le c te d  b y  the 
s tu d e n t fo r th e  u n d e rg ra d u a te  cu rricu lu m .
II. For m a tric u la n ts  fro m  o th e r m a jo r fie lds o f  
en g in e e rin g  w ho  fu lfill th e  b as ic  p re re q u is ite  
re q u ire m e n ts  b u t do  no t q u a lify  fo r  P ro g ra m  I:
F a ll te rm
IO R 670, S ta tis tics  
IO R 622, O p e ra tio n s  R e sea rch  I 
IO R 516, M a th em a tica l M ode ls  
IO R 893, S e m ina r 
IO R 898, P ro jec t La b o ra to ry  
P ro fess io na l e le c tive
S p rin g  te rm
IO R 383, A p p lic a tio n s  of 
C o m p u te r S c ie n ce  
IO R 623, O p e ra tio n s  R e se a rch  II 
IO R 551, E co n o m ic  A n a lys is  
IO R 794, S em inar 
IO R 899, P ro jec t W ork*
P ro fess io na l e le c tive
"In  m a n y  ca s e s  it w ill be  p re fe ra b le  to  d e la y  IO R 899 
un til th e  c o m p le tio n  o f th e  s p rin g -te rm  c o u rs e  w o rk. 
T he p ro je c t re q u ire m e n ts  c o u ld  b e  c o m p le te d  d u rin g  
th e  fo llo w in g  sum m er, a n d  th e  d e g re e  c o n fe rre d  in 
S ep tem ber.
T he p ro je c t w o rk  re q u ire d  fo r th e  d e g re e  o f M aste r o f 
E n g in e e rin g  c o rre s p o n d s  to  th e  th e s is  re q u ire d  in 
m a n y  M as te r o f S c ie n c e  d e g re e  p ro g ra m s . The  
M .E ng. (In d u s tr ia l)  s tu d e n t fu lfills  th e  p ro je c t re q u ire ­
m en t ( IO R 89 8 -8 99 ) b y  w o rk in g  in d iv id u a lly  o r as  p a rt 
o f a  g ro u p  o f no  m ore  than  fo u r s tu d e n ts  o n  an  o p e ra ­
tiona l sys tem s p ro b le m  tha t a c tu a lly  e x is ts  in som e
C re d its
4
3
4 
1 
1
m in im um  o f 3
4
3
4 
1
m in im um  o f 4 
m in im um  o f 3
o rg a n iza tio n . F requently , s tu d e n ts  e n c o u n te r a p p ro ­
p ria te  p ro b le m s  in su m m e r w o rk  w ith  a  sp o n so rin g  
o rg a n iza tio n . A lte rna tive ly , p ro je c ts  m a y  b e  se le c te d  
b y  th e  fa c u lty  fro m  a  re se rvo ir  o f a p p ro p ria te  p ro b ­
le m s  s u b m itte d  b y  va r io u s  o p e ra tin g  o rg a n iza tio n s  
s u c h  a s  m a n u fa c tu rin g  firm s, re ta ilin g  o rg a n iza tio n s , 
s e rv ic e  o rg a n iza tio n s , g o v e rn m e n ta l a g e n c ie s , and  
e d u c a tio n a l in s titu tio ns .
C o o p e ra tiv e  P rog ram  w ith  B u s in ess  a n d  P u b lic  
A d m in is tra tio n
O f th e  th re e  d e g re e  p ro g ra m s  o ffe re d  b y  th e  S choo l 
o f B u s in e ss  a n d  P u b lic  A d m in is tra tio n  a t C o rne ll, the  
M aste r o f B u s in e ss  A d m in is tra tio n  p ro g ra m  is o f m ost 
in te re s t to  e n g in e e rs . B e ca u se  m o d e rn  m a n a g e m e n t 
is c o n c e rn e d  w ith  th e  o p e ra tio n s  o f p ro d u c t io n  an d  
se rv ic e  sys tem s, m u ch  of th e  a n a ly tica l m e th o d o lo g y  
th a t is re q u ire d  to  d e a l w ith  o p e ra tin g  d e c is io n s  is th e  
sa m e  m e th o d o lo g y  tha t sys te m s  e n g in e e rs  m u s t use 
in d e s ig n in g  th e  sys te m s. T he re fo re , th e re  a re  severa l 
s u b je c ts  re q u ire d  in  th e  M B A . p ro g ra m  w h ich  IE/O R 
s tu d e n ts  take  as  u n d e rg ra d u a te s . A  re c e n t a g re e ­
m e n t b e tw e e n  th e  S ch o o l o f In d u s tria l E n g in e e rin g  
a n d  O p e ra tio n s  R e sea rch  a n d  th e  G ra d u a te  S ch oo l 
o f B u s in e ss  an d  P u b lic  A d m in is tra tio n  re c o g n iz e s  th is  
fa c t a n d  p ro v id e s  an  unu sua l o p p o rtu n ity  fo r th e  
IE /O R u n d e rg ra d u a te . T h ro u g h  p ro p e r  e le c tive  
c h o ic e s , th e  M .B .A . p ro g ra m  c a n  b e  c o m p le te d  in 
on e  a d d it io n a l y e a r fo llo w in g  co m p le tio n  o f th e  
M .E ng. d e g re e  re q u ire m e n ts .
E sse n tia l p o in ts  o f th e  a g re e m e n t (w h ic h  ta ke s  p re ­
c e d e n c e  ove r o th e r d e s c r ip tio n s  o f th e  M .B .A . re ­
q u ire m e n ts ) are:
1. T ha t th e  IE /O R c a n d id a te  h ave  c o m p le te d  by 
c o u rse  w o rk , a d v a n c e d  s ta n d in g , o r e x e m p tio n  
e xa m in a tio n s , th e  c o re  c o u rs e  w o rk  re q u ire d  fo r the  
M .B .A . d e g re e , e x c e p t fo r B u s in e ss  Policy, b y  th e  end  
o f th e  fifth  year.
2. T ha t th ir ty  hou rs, a t m ost, o f a d v a n c e d  s ta n d in g  
w ill b e  a w a rd e d  b y  B u s in e ss  a n d  P u b lic  A d m in is tra ­
tion  fo r w o rk  d o n e  b e fo re  th e  s ta rt o f th e  s ix th  ye a r in 
th e  u n d e rg ra d u a te  B.S. p ro g ra m , in th e  M .E ng . p ro ­
g ram , a n d  in B u s in e ss  a n d  P u b lic  A d m in is tra tio n .
3. Tha t d u r in g  th e  s ix th  year, o ve r a p e r io d  o f tw o  
se m e s te rs , th e  c a n d id a te  w ill c o m p le te  tw e n ty -s ix  
e le c tiv e  h o u rs  a p p ro v e d  by  B u s in e ss  a n d  P u b lic  A d ­
m in is tra tio n , p lu s  B u s in e ss  P o licy  ( fo u r c re d it  hours).
T he  c a n d id a te  w o u ld  q u a lify  fo r  the  B.S. d e g re e  at 
th e  e n d  o f fou r years , the  M .E ng. d e g re e  a t th e  e n d  of 
five  years , and  th e  M .B .A . d e g re e  at th e  en d  o f s ix  
years .
Furthe r d e ta ils  a n d  a p p lic a tio n s  fo rm s  fo r th is  spec ia l 
p ro g ra m  m a y  b e  o b ta in e d  from  th e  o ffice  o f the  
S ch oo l of In d u s tria l E n g in e e rin g  a n d  O p e ra tio n s  R e­
se a rch , U p son  Hall.
M a te ria ls  S c ien c e  and  E n g in eerin g  53
Materials Science and 
Engineering
B ard Hall
D e g re e s  O ffe red : B a ch e lo r o f S c ience , M aste r of En­
g in e e rin g  (M a te ria ls ), M a s te r of S c ience , D o c to r of 
Philosophy.
R. W. Ballu ffi, d ire c to r; D. G, Ast, J. M, B lakely, M. S. 
B urton, L. D e Jonghe , H. H. John son , C.-Y. Li, R. Raj,
E. J. Kram er, D. L, K o h ls ted t, A. L. Ruoff, S, L. Sass,
D. N. S e idm an.
C o u rse s  o f in s tru c tio n  a re  lis te d  on  pp . 1 0 9 -1 1 2 .
In a ll a re a s  o f m o d e rn  techno logy , a d v a n c e s  in sys ­
tem  e ffic ie n cy  an d  e c o n o m y  a re  o ften  lim ite d  b y  the  
p ro p e rtie s  of th e  m a te ria ls  tha t a re  a va ila b le  to  the  
eng ineer. E n g in e e rin g  m a te ria ls  in c lu d e  s u ch  d ive rse  
s u b s ta n c e s  as m eta ls , se m ic o n d u c to rs , ce ra m ics , 
po lym e rs , g la sse s , and  c o m b in a tio n s  o f these. S ig ­
n ifican t te c h n o lo g ic a l b re a k th ro u g h s  in d ive rse  fie lds  
s u c h  as  s truc tu res , pow er, co m m u n ica tio n s , p ro p u l­
s ion, ch e m ica l p ro c e s s in g , o r tra n sp o rta tio n  fre ­
q u e n tly  are  a d ire c t resu lt o f im p ro ve m e n ts  in m a te ­
r ia ls — e ith e r th e  d e ve lo p m e n t o f new  m a te ria ls  o r the 
e vo lu tio n a ry  im p ro ve m e n t o f e x is tin g  ones.
As th e  fie ld  ex is ts  today, it is p e rh a p s  b e s t d e s c r ib e d  
as a fus ion  o f the  tra d itio n a l in te res ts  o f th e  m e ta llu r­
g is t w ith  th e  b a s ic  u n d e rs ta n d in g  a n d  w id e  sc ie n tific  
in te res t o f th e  so lid  s ta te  p h y s ic is t a n d  ch e m is t. The 
d is tin g u is h in g  " th e m e " of th is  fie ld  is th e  re la tio n  b e ­
tw e e n  the  s tru c tu re  o f m a te ria ls  an d  th e ir  p ro p e rtie s . 
The s tru c tu re  of s o lid s  e n c o m p a s s e s  such  sp e c ific  
a s p e c ts  as  c rys ta llin e  s tru c tu re  a n d  im p e rfe c tio n s , 
m o le c u la r  a rra n g e m e n t, p h a se  c o m p o s itio n  a n d  m o r­
pho logy , a n d  g ra in  size. The se  an d  o th e r c h a ra c te r is ­
t ic s  from  the  a to m ic  to  th e  m a c ro s c o p ic  sca le  con tro l 
the  b e h a v io r o f a m ate ria l. M a te ria ls  s c ie n c e  is c o n ­
c e rn e d  w ith  the  u n d e rs ta n d in g  o f th e se  c h a ra c te r is ­
tic s  an d  w ith  m e th o d s  o f in flu e n c in g  them , an d  m a te ­
ria ls  e n g in e e rin g  d e a ls  w ith  a p p lic a tio n s , p a rticu la rly  
w ith  th e  se lec tion , p ro ce ss in g , ch a ra c te r iza tio n , an d  
te s tin g  of m ate ria ls .
Laboratory and Research Facilities
The d e p a rtm e n t o f M a te ria ls  S c ie n c e  a n d  E n g in e e r­
in g  is ce n te re d  in B a rd  Hall a n d  o c c u p ie s  p a rts  of 
T hu rs ton  and  K im b a ll H a lls, a to ta l a rea  of 50 ,000  
sq u a re  fee t. B a rd  Hall, th e  new est o f th e  C o rne ll e n ­
g in e e rin g  b u ild in g s , w a s  c o m p le te d  in 1963. It is e x ­
te n s ive ly  e q u ip p e d  fo r bo th  u n d e rg ra d u a te  and  
g ra d u a te  in s tru c tio n  an d  resea rch . F a c ilities  fo r 
ch a ra c te r iz in g  an d  s tu d y in g  th e  s tru c tu re  o f s o lid s  by  
p h ys ica l m easu rem en t, m ic ro sco p y , m eta llo g ra phy, 
and  X -ray  d iffra c tio n  a re  ava ilab le . In c lu d e d  is 
e q u ip m e n t fo r p ro c e s s in g  m a te ria ls  b y  ca s tin g , w e ld ­
ing , hea t trea tm en t, c o m p a c t in g  an d  s in te r in g , d e ­
fo rm a tion , and  m any  o f th e  new er p ro c e s s in g  p ro c e ­
d u re s  su ch  as  c rys ta l g ro w th  a n d  d e p o s it io n  from  the  
va p o r phase. L a b o ra to r ie s  fo r p re p a r in g  and  s tu d y in g  
n o n -m e ta llic  m a te ria ls , e s p e c ia lly  ce ra m ics , a re  a lso  
hou sed  in B a rd  Hall.
T h is  D e p a rtm e n t p a rtic ip a te s  w ith  o the r d e p a rtm e n ts  
o f th e  U n ive rs ity  in th e  in te rd is c ip lin a ry  M a te ria ls  S c i­
e n c e  C enter. The C e n te r s u p p o rts  c e n tra l fa c ilit ie s  in 
Ba rd , Thu rs ton , and  C la rk  H a lls  fo r s e rv ice  a n d  re ­
s e a rc h  in m e ta llo g ra phy , X -ray  d iffra c tio n , e le c tro n  
m icrosopy, m e ch a n ica l te s tin g , an d  e ffe c ts  of h igh  
te m p e ra tu re  an d  h ig h  p re s s u re  on  m a te ria ls . The 
M a te ria ls  S c ie n c e  C e n te r a lso  s u p p o rts  se rv ice  
fa c ilit ie s  fo r p ro d u c in g , c h a ra c te r iz in g , a n d  te s tin g  
va rio u s  m e ta llic  a n d  n o n m e ta llic  m ate ria ls .
The Degree Programs
B a ch e lo r o f S c ien c e
The u p p e rc la s s  c u rr ic u lu m  in m a te ria ls  s c ie n c e  an d  
e n g in e e r in g  b u ild s  up o n  th e  e n g in e e r in g  sc ie nce , 
p h ys ics , m a th em a tics , a n d  c h e m is try  c o u rs e s  o f the  
D iv is ion  of B a s ic  S tud ies . The  D e p a rtm e n t d o e s  not 
re q u ire  any  p a rtic u la r  e n g in e e r in g  s c ie n c e  c o u rs e  in 
the  so p h o m o re  year as  a p re re q u is ite  fo r e n try  in to 
the  u p p e rc la s s  p rog ram .
T he co u rse s  w h ich  c o m p ris e  th e  F ie ld  P rog ram  are  
su p p le m e n te d  b y  th e  tw o  te c h n ic a l e le c tive s , tw o  free  
e le c tive s , a n d  four libe ra l s tu d ie s  e le c tive s  th a t are  
re q u ire d  fo r all u p p e rc la s s  s tu d e n ts  in th e  C o llege . 
S tu d e n ts  a re  th e re fo re  a b le  to  in c o rp o ra te  a w id e  v a ­
rie ty  of s c ie n tific  an d  e n g in e e r in g  s tu d ie s  in to  th e ir  
cu rricu la . The fie ld  c o u rs e s  ne e d  not b e  taken  a c ­
c o rd in g  to  a r ig id  pa tte rn . Various co m b in a tio n s  and  
s e q u e n c e s  a re  p o ss ib le , d e p e n d in g  to  som e  ex ten t 
upo n  th e  s tu d e n t's  p a rtic u la r in te re s ts  a n d  e le c tive  
c h o ic e s  in th e  s o p h o m o re  year. F a cu lty  a d v is e rs  of 
th e  D e p a rtm e n t a ss is t e a ch  s tu d e n t in p la n n in g  a 
s u ita b le  p ro g ra m  a n d  s e le c tin g  a p p ro p ria te  e le c tive  
cou rses .
R e q u ire d  F ie ld  C o u rses . The re q u ire d  fie ld  co u rse s  
a re  lis te d  in th e  fo llo w in g  e xa m p le  o f a p ro g ra m  in 
m a te ria ls  s c ie n c e  a n d  e n g in e e rin g :
Term 5 C red its
IT E 331 , S tru c tu re  a n d  P rope rties  
o f M a te ria ls  4
ITE335, T h e rm o d yn a m ics  o f C o n d e n se d  
S ys tem s 3
ITE333, R e sea rch  Invo lve m en t I o r a 
F ie ld -a p p ro v e d  te c h n ic a l e le c tive  3
Free e le c tiv e  3
L ibe ra l s tu d ie s  e le c tiv e  3
Term 6
ITE336, K in e tics , D iffus ion, an d  P hase 
T ra n s fo rm a tio n s  3
ITE440, M a c ro -P ro ce ss in g  o f M a te ria ls  3
ITE334, R e sea rch  Invo lve m en t II o r a 
F ie ld -a p p ro v e d  te c h n ic a l e le c tive  3
Free e le c tiv e  3
L ibera l s tu d ie s  e le c tiv e  3
Term  7
ITE445, E le c trica l a n d  M a g n e tic  P rope rties  
of M a te ria ls  3
ITE441, M ic ro -P ro ce ss in g  o f M a te ria ls  3
ITE443, S e n io r L a b o ra to ry  I* 3
Tech n ica l e le c tiv e  3
L ibe ra l s tu d ie s  e le c tiv e  3
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Term 8
ITE446, M e ch a n ica l P ro p e rtie s  of 
M a te ria ls  3
ITE448, C u rren t T op ics  in M a te ria ls  3
ITE444, S e n io r L a b o ra to ry  II’  3
Tech n ica l e le c tiv e  3
L ibe ra l s tu d ie s  e le c tiv e  3
’ O ne  te rm  o f S e n io r L a b o ra to ry  m ay  b e  re p la c e d  by 
P h ys ics  360 , In tro d u c to ry  E le c tro n ics , o r b y  a  one - 
te rm  p ro je c t in a sso c ia tio n  w ith  a fa c u lty  m em ber.
F ea tu res  o f th e  F ie ld  P rog ram  are:
1. The R esearch  In vo lve m e n t o p tio n  a llo w s  s tu d e n ts  
w h o  m ay b e  in te re s te d  in a re se a rc h /d e v e lo p m e n t 
c a re e r to  a c q u ire  a  firs t-h a n d  e x p o s u re  to  th is  k in d  of 
a c tiv ity  re la tive ly  e a rly  in th e ir  a c a d e m ic  ca re e rs . A 
s tu d e n t w ith  th is  in te res t a ffilia tes w ith  a  fa cu lty  
m e m b e r a n d  h is  o r he r re se a rch  g ro u p  a n d  w o rks  on 
a p ro b le m  in th e  g ro u p 's  g e n e ra l fie ld  o f in ves tiga tion . 
It is  n e ce ssa ry  th a t a  m utu a l in te res t b e  e s ta b lish e d  
b e tw e e n  th e  s tu d e n t a n d  a fa c u lty  m em ber.
2. The  e x tra  te c h n ic a l e le c tiv e  in th e  th ird  y e a r p ro ­
v id e s  s tu d e n ts  in te re s te d  in p u rsu in g  an  in dustria l 
ca re e r a fte r re c e ip t o f th e  B.S. d e g re e  an a d d it io n a l 
o p p o rtu n ity  to  b ro a d e n  th e ir  e n g in e e r in g  e d u ca tio n . 
T h is  is e s p e c ia lly  im p o rta n t fo r B.S. g ra d u a te s  in 
m a te ria ls  s c ie n c e  a n d  e n g in e e r in g , s in c e  th e y  fre ­
q u e n tly  w o rk  in co lla b o ra tio n  w ith  g ra d u a te s  of o the r 
e n g in e e rin g  d is c ip lin e s .
3. The fo u rth -yea r c o u rse  in C u rre n t T o p ics  in M a te ­
ria ls  is  u se d  to  a c q u a in t s tu d e n ts  w ith  re ce n t d e ­
v e lo p m e n ts  in  new  a re a s  s u ch  as b io m a te ria ls , fue l 
c e lls , c o m p o s ite  m a te ria ls , a n d  m a te ria ls  p ro b le m s  
a sso c ia te d  w ith  n u c le a r p o w e r sys tem s. S tuden t 
su g g e s tio n s  fo r d e s ira b le  to p ic s  a re  so u g h t in a d ­
vance .
4. T he  S e n io r L a b o ra to ry  c o u rs e s  ty p ic a lly  re q u ire  
tw o  to  fou r e x p e rim e n ts  a te rm . E ach  e x p e rim e n t m ay 
ta k e  severa l w e eks  to  c o m p le te . T he  e m p h a s is  is  on 
s tu d e n t in itia tive  in th e  d e s ig n  a n d  e x e c u tio n  o f the  
exp e rim e n t, w ith  fa c u lty  supe rv is ion .
5. The  fo llo w in g  is  a c o m p le te  lis t ( in c lu d in g  those  
lis te d  u n d e r R e q u ire d  F ie ld  C o u rse s ) o f co u rse s  
a va ila b le  fo r s tu d e n ts  w ith  sp e c ia l in te res ts  in p ro c ­
e ss ing  a n d  a p p lic a tio n s . The se  c o u rs e s  e m p h a s ize  
p ra c tic a l p ro b le m s  an d  a p p lic a tio n s  in a re a s  tha t 
h ave  g ro w in g  im p o rta n c e  a s  in te rn a tio n a l co m p e tit io n  
in te c h n o lo g y  in crea ses.
ITE447, A p p lie d  M e ta llu rg y  
ITE333, R e sea rch  Invo lve m en t I 
ITE334, R e sea rch  Invo lve m en t II 
ITE337, M a te ria ls  an d  M a n u fa c tu rin g  P roesses 
ITE338, A n a lys is  o f M a n u fa c tu rin g  P rocesse s  
ITE440, M a c ro -P ro ce ss ig  o f M ate ria ls  
ITE441, M ic ro -P ro ce ss in g  o f M ate ria ls  
ITE448, C u rren t T o p ics  in M a te ria ls
T h e  C o lle g e  P ro g ra m . For s tu d e n ts  w ish in g  to  c o m ­
b in e  th e  s tu d y  o f m a te ria ls  w ith  so m e  o th e r d isc ip lin e , 
co u rs e  se q u e n c e s  a re  a v a ila b le  to  p ro v id e  a m a jo r or 
m in o r p ro g ra m  in m a te ria ls  s c ie n c e  a n d  e n g in e e rin g . 
The se  w ill be  s e le c te d  b y  th e  s tu d e n t an d  his o r her 
adv iser. (S ee  p. 38  fo r an  o u tlin e  o f th e  C o lle g e  
P rogram .)
M a s te r o f E n g in e e rin g  (M ate ria ls )
S tu d e n ts  w h o  have  c o m p le te d  a  fo u r-ye a r u n d e r­
g ra d u a te  p ro g ra m  in e n g in e e r in g  o r th e  p h y s ic a l s c i­
e n c e s  a re  e lig ib le  fo r co n s id e ra tio n  fo r a d m iss io n  to 
th is  p ro g ra m . S tu d e n ts  w ill c a r ry  ou t in d e p e n d e n t 
p ro je c ts  th a t p ro v id e  e x p e rie n c e  in de fin in g  o b je c ­
tives , p la n n in g  an d  c a rry in g  th ro u g h  sys te m a tic  w o rk, 
a n d  re p o rtin g  co n c lu s io n s . In a d d it io n , s tu d e n ts  will 
h a ve  th e  o p p o rtu n ity  to  d e v e lo p  fu rth e r th e ir  kn o w l­
e d g e  a n d  skill in s p e c ia liz e d  a re a s  o f m a te ria ls  
s c ie n ce . The  p ro g ra m  in c lu d e s  th e  fo llo w in g :
1. A  p ro je c t q u a lify in g  fo r  at le a s t tw e lve  ho u rs  of 
c re d it  a n d  re q u irin g  in d iv id u a l e ffo rt an d  in itia tive .
T h is  p ro je c t, c a rr ie d  ou t u n d e r th e  su p e rv is io n  o f a 
m e m b e r o f th e  facu lty , is  u su a lly  e xp e rim e n ta l, a l­
th o u g h  it ca n  be  an a ly tica l.
2. S ix  c re d it  h o u rs  o f c o u rs e s  in m a th e m a tic s  o r 
a p p lie d  m a th e m a tics . T h is  re q u ire m e n t m a y  b e  sa tis ­
fie d  b y  c o u rs e s  IA A 3 5 0  an d  IA A 3 5 1 ; s tu d e n ts  w ho  
have  p re v io u s ly  c o m p le te d  th e s e  m us t s e le c t o th e r 
c o u rs e s  a c c e p ta b le  to  th e  faculty.
3. C o u rse s  in m a te ria ls  s c ie n c e  a n d  e n g in e e rin g  
se le c te d  from  any  o f th o s e  o ffe red  at th e  g ra d u a te  
leve l, o r o th e r c o u rs e s  a p p ro v e d  by  th e  facu lty , re ­
q u ire d  to  b r in g  th e  to ta l c re d it  hou rs  to  thirty.
M a s te r  o f S c ie n c e  an d  D o c to r o f P h ilo s o p h y
U n iq u e  o p p o rtu n itie s  a re  o p e n  to  th e  s tu d e n t u n d e r­
ta k in g  g ra d u a te  s tu d y  in m a te ria ls  a t C o rne ll. In s tru c ­
t io n  is  g ive n  in a  b ro a d  sp e c tru m  o f to p ic s , ra n g in g  
from  th e  fu n d a m e n ta l a s p e c ts  o f m a te ria ls  b e h a v io r  to  
p ro b le m s  a s s o c ia te d  w ith  m a te ria ls  a p p lic a tio n s . 
S tu d ie s  of m e ta llic  a n d  n o n m e ta llic  m a te ria ls , as  we ll 
as  som e  a s p e c ts  o f th e  liq u id  state, a re  in c o rp o ra te d  
in to  a  co m m o n  fra m e w o rk  of in s truc tion .
T he  M a s te r o f S c ie n c e  a n d  D o c to r  of P h ilo sophy  
p ro g ra m s  a re  p r im a rily  s c ie n c e -o rie n te d  p ro g ra m s  of 
s tu d y  d ire c te d  to w a rd  a ca re e r in re se a rch , d e v e lo p ­
m ent, a d v a n c e d  e n g in e e r in g , o r te a c h in g . A  c a n d i­
d a te  fo r e ithe r d e g re e  m ay c h o o s e  as th e  m a jo r s u b ­
je c t a re a  e ith e r m a te ria ls  s c ie n c e  o r m a te ria ls  a n d  
m e ta llu rg ic a l e n g in e e rin g .  R e q u ire m e n ts  fo r  these  
d e g re e s  a re  d e s c r ib e d  in th e  A n n o u n c e m e n t o f  the  
G ra d u a te  S choo l.
A s tu d e n t w h o  e n te rs  w ith  an  u n d e rg ra d u a te  d e g re e  
m a y  re g is te r fo r e ith e r  th e  M .S. o r Ph.D . deg ree . 
H ow ever, it is  p o s s ib le  fo r a s tu d e n t in th e  M.S. p ro ­
g ra m  to  tra n s fe r to  th e  Ph.D . p ro g ra m . T ow ard  the  
e n d  o f th e  first year, th e  s tu d e n t’s  p ro g re s s  is  re ­
v ie w e d  by  h is  o r h e r S p e c ia l C o m m itte e , a n d  if th a t 
g ro u p  ta ke s  fa v o ra b le  a c tio n  th e n  o r at a la te r date, 
th e  s tu d e n t is a c c e p te d  as  a  Ph.D . ca n d id a te .
The c o u rs e s  o ffe red  b y  th e  fie ld  a ssu m e  a  so u n d  un­
d e rg ra d u a te  e d u c a tio n  in s u c h  a re a s  as  m a th e m a t­
ics , p h y s ic a l m e ta llu rgy , a to m ic  a n d  so lid  s ta te  
p h ys ics , an d  th e rm o d y n a m ic s . G ra d u a te  s tu d e n ts  e n ­
ro lle d  w ith  d e fic ie n c ie s  in a n y  of th e se  a re a s  w ill be  
p e rm itte d  to  ta ke  in te rm e d ia te - le ve l c o u rse s , w ith  the  
u n d e rs ta n d in g  th a t m ore  t im e  m a y  b e  n e e d e d  to  
c o m p le te  the  d e g re e  p ro g ra m .
To fo rm  a n  a d e q u a te  fo u n d a tio n  fo r  m o re  sp e c ia liz e d  
c o u rs e s  an d  fo r th e s is  re se a rch , the  fa c u lty  has  d e ­
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v e lo p e d  a co re  p ro g ra m  of c o u rs e s  in m a te ria ls  s c i­
ence . These  co ve r m o d e rn  th e o rie s  of s tru c tu re  and  
of m a te ria ls  b e h a v io r a t an  a d v a n c e d  level.
C o u rse s  a va ila b le  to  g ra d u a te  s tu d e n ts  a re  lis ted  
below.
G ra d u a te  C o u rse  P ro g ra m :
IT E 701 , T op ics  in T h e rm o d yn a m ics  a n d  K in e tics  
ITE702, P hase T ransfo rm ation  
ITE703, E las tic ity  an d  P h ys ica l P rope rties  
o f C rys ta ls  
ITE704, P las tic  F low  a n d  F ra c tu re  
o f M ate ria ls  
ITE706, P rin c ip le s  o f D iffrac tion  
ITE707, S o lid  S tate P h ys ics
O th e r G ra d u a te  C o u rse s :
IT E 553 -55 4 , S p ec ia l P ro jec t 
ITE712, S e le c te d  Top ics  in D iffrac tion  
ITE714, E lec tron  M ic ro s c o p y  
ITE716. The E ffec ts  o f R a d ia tio n  on  M ate ria ls  
ITE762, P h ys ics  o f S o lid  S u rfaces  
ITE765, A m o rp h o u s  a n d  S e m i-C rys ta llin e  M ate ria ls  
ITE767, E lec trica l a n d  M a g n e tic  P ro p e rtie s  
o f M ate ria ls  
ITE768, T he o ry  o f C rys ta l D e fec ts  
ITE769, C e ra m ic  M a te ria ls
M ate ria ls  P ro ce ss in g  a n d  A p p lic a tio n s :
ITE338, A n a lys is  o f M a n u fa c tu rin g  P rocesse s  
ITE447, A p p lie d  M e ta llu rg y  
IT E 441, M ic ro -P ro ce ss in g  o f M ate ria ls  
ITE448, C u rren t T o p ics  in M ate ria ls  
IT E 553 -55 4 , S p e c ia l P ro jec t
A  s ig n ifica n t pa rt o f th e  C o rne ll g ra d u a te  e d u ca tio n a l 
e x p e rie n c e  is the  o p p o rtu n ity  to  p a rt ic ip a te  in fo rm a l 
an d  in fo rm a l se m in a rs  a n d  re se a rch  co n fe re n c e s  a t 
w h ich  cu rre n t C o rne ll rese a rch  p ro g ra m s  a re  d e ­
s c r ib e d  a n d  g u e s t sp e a k e rs  p resen t the  la tes t d e ­
ve lo p m e n ts  in o the r la bo ra to ries .
A n A n n o u n ce m e n t, G ra d u a te  S tu d y  in E n g in e e rin g  
a n d  A p p lie d  S c ience , w h ich  in c lu d e s  a d e s c r ip tio n  of 
g ra d u a te  re se a rch  a n d  s tu d y  o p p o rtu n itie s  in m a te ­
ria ls  s c ie n c e  a n d  e n g in e e rin g , is a v a ila b le  upo n  re ­
q u e s t (see  p. 4). Further in fo rm a tion  m ay be  o b ta in e d  
from  the  G ra d u a te  F a cu lty  R e p re se n ta tive  (M a te ria ls  
S c ie n ce  an d  E n g in e e rin g ), B a rd  Hall.
M echanical and Aerospace 
Engineering
U p son  a n d  G ru m m a n  H a lls
E. L. Resler, Jr., d ire c to r; A. R. G eorge , a ss is ta n t d i­
rec to r; P. L. Auer, D. L. B arte l, C. A. B e rg , J. F Booker, 
W. W. C arson , D. A . C aughey, B. C onta , P. C. T. d e ­
Boer, F C. G ou ld in , S. L e ib o v ich , W. J. M cLean , L, 
Phoenix, P. T  R a du lo v ic , A. R. S e ebass , S. F Shen,
D. G. S h e p h e rd , K. E. Torrance, K. K. W ang, R. L. 
W ehe, J. R. Z im m e rm a n . M e m b e rs  of th e  fa c u lty  of 
th e  g ra d u a te  F ie lds  of A e ro s p a c e  E n g in e e rin g  a n d  of 
M e ch a n ica l E n g in e e rin g  a re  lis te d  u n d e r the  tw o  
fie lds.
C o u rse s  of in s tru c tio n  a re  lis te d  on  pp . 1 1 2 -1 2 0 . 
Aerospace Engineering
D e g re e s  O ffe red : M aste r of E n g ine e ring  (A e ro sp a ce ), 
M aste r of S c ience , D o c to r o f Ph ilosophy.
F a cu lty  m e m b e rs  o f th e  g ra d u a te  F ie ld  o f A e ro s p a c e  
E n g ine e ring : P. L. Auer, D, A. C aughey, P. C . T d e ­
Boer, R. H. G a llagher, A. R. G eo rge , G. S. S. Lud fo rd ,
E. L. Resler, Jr., A. R. S e e b a ss , S. F S hen,
D. L. Turcotte.
A e ro s p a c e  e n g in e e rin g  d e a ls  w ith  a  la rg e  va r ie ty  of 
p h ys ica l p ro b le m s  w h ich  have  th e ir  o r ig in s  in the  
flig h t o f a irc ra ft a n d  s p a c e  v e h ic le s  in a tm o s p h e ric  
an d  s p a c e  e n v iro n m e n ts . Th is  fie ld  has a lw a ys  be e n  
at th e  fro n tie r o f new  te chno logy , an d  th e  in nova tive  
use o f th e  b a s ic  p h y s ic a l s c ie n c e s  has  a lw a ys  b ee n  a 
necessity . The  tra d it io n  o f th e  fo rm e r G ra d u a te  S ch oo l 
o f A e ro s p a c e  E n g in e e rin g , now  p a rt  o f th e  S ib le y  
S ch oo l o f M e ch a n ica l a n d  A e ro s p a c e  E n g in e e rin g , is 
b e in g  m a in ta in e d . The p rim a ry  o b je c tiv e  o f these  
p ro g ra m s  is th e  e d u c a tio n  a n d  p re p a ra tio n  of 
se le c te d  e n g in e e r in g  a n d  s c ie n c e  g ra d u a te s  to  en te r 
a p ro fe ss io n  o f c o n s ta n t c h a lle n g e  a n d  h igh  in te lle c ­
tua l sa tis fa c tio n . The  tra in in g  e m p h a s iz e s  so lid  fu n ­
d a m e n ta ls  in c o u rs e  w o rk  an d  a c t iv e  in vo lve m e n t in 
re se a rch  a re a s  o f cu rre n t im po rtance . D ive rs ifica tio n  
o f s tu d e n t in te res t is e n c o u ra g e d ; c lo s e  c o n ta c t w ith  
th e  fa c u lty  p ro v id e s  e xce p tio n a l in d iv id u a l a tten tion .
S u p e rio r fa c ilit ie s  a re  a va ila b le  fo r e xp e rim e n ta l 
s tu d ie s  of all ty p e s  of flu id  a n d  g a s  d yn a m ics , an d  fo r 
w o rk  in p la sm a  ph ys ics , ch e m ic a l k in e tic s , a n d  laser 
chem is try . T he o re tica l in ve s tig a tio n s  o f bo th  fu n d a ­
m enta l an d  e n g in e e r in g  s ig n if ic a n c e  in th e se  a n d  re ­
la te d  a re a s  a re  co n s ta n tly  in p ro g re ss . A re a s  of re ­
c e n t in te res t a re  a e ro d yn a m ic  noise, so n ic  boom , 
n o n lin e a r w aves, c o m b u s tio n  p ro c e s s e s  in low- 
p o llu tio n  e n g in e s , a n d  so lu tion  of flow  p ro b le m s  b y  
fin ite  e lem e n t an d  n u m e rica l m e th o d s . In a d d it io n  to 
c lo se  c o lla b o ra tio n  w ith  th e  g ra d u a te  F ie ld  of 
M e ch a n ica l E n g in e e rin g , th e re  is  c lo se  c o o p e ra tio n  
w ith  th e  L a b o ra to ry  o f P lasm a S tud ies , th e  C e n te r for 
R a d io p h y s ic s  an d  S p a ce  R e sea rch , th e  C e n te r for 
A p p lie d  M a th em a tics , a n d  th e  D e p a rtm e n t of 
C hem istry .
P rep ara tio n  for G ra d u ate  S tudy
A p p lic a n ts  w ill be  c o n s id e re d  fo r th is  fie ld  if th e y  ho ld  
b a c c a la u re a te  d e g re e s  (o r the  e q u iva le n t) in any 
b ra n c h  o f e n g in e e rin g , m a th e m a tics , o r the  p h y s ic a l 
s c ie n c e s  fro m  q u a lifie d  in s titu tio ns , p ro v id e d  tha t th e ir  
u n d e rg ra d u a te  s c h o la s tic  re c o rd s  in d ic a te  a b ility  to  
p u rsu e  g ra d u a te  s tu d y  success fu lly .
The C o rne ll p ro g ra m s  of s tu d y  in e n g in e e rin g  
ph ys ics , e le c tr ica l e n g in e e rin g , a n d  m e c h a n ic a l e n ­
g in e e r in g  a re  e s p e c ia lly  re c o m m e n d e d  to  u n d e r­
g ra d u a te s  w h o  e x p e c t to  s tu d y  a e ro s p a c e  e n g in e e r­
in g  at th e  g ra d u a te  level. The in tro d u c to ry  c o u rse s  
A e ro s p a c e  E n g in e e rin g  IM T305  an d  IM T 6 06  w o u ld  
b e  use fu l e le c tive s . A ll s tu d e n ts  w h o  e x p e c t to  en te r 
the  g ra d u a te  F ie ld  of A e ro s p a c e  E n g in e e rin g  shou ld  
try  to  a rra n g e  the ir u n d e rg ra d u a te  p ro g ra m s  to in ­
c lu d e  c o u rs e s  in th e rm o d y n a m ic s , flu id  m e ch a n ics , 
a p p lie d  m a th e m a tics , chem is try , an d  ph ys ics .
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The Degree Programs
M aster o f E n g in eerin g  (A e ro sp ace )
U n d e rg ra d u a te  s tu d e n ts  w h o  have  d e m o n s tra te d  
m ore  than  a v e ra g e  ability , h ave  show n  a d e q u a te  
p ro m ise  fo r ca rry in g  on  g ra d u a te  study, an d  a re  in ­
te re s te d  in e x te n d in g  th e ir  e d u c a tio n  in th e  a e ro ­
s p a c e  fie ld  b y  a d v a n c e d  tra in in g  in  a n a ly tica l and  
re s e a rch -o rie n te d  s u b je c ts  a re  e lig ib le  fo r a d m iss io n  
to  th is  p ro g ra m . C a n d id a te s  fo r a Ph.D . in th is  fie ld  
w h o  d o  no t a lre a d y  ho ld  a m a s te r's  d e g re e  a re  e n ­
c o u ra g e d  to  m a tr icu la te  as  c a n d id a te s  fo r th e  M .E ng. 
(A e ro sp a ce ) deg ree .
The  M aste r o f E n g in e e rin g  p ro g ra m  is  d e s ig n e d  to 
in c re a se  th e  s tu d e n t's  fa c ility  in th e  a p p lic a tio n  o f the  
b a s ic  s c ie n c e s  to  e n g in e e r in g  p ro b le m s  o f im p o r­
ta n c e  in th is  fie ld . B e ca u se  a e ro s p a c e  e n g in e e r in g  is 
co n tin u a lly  e n g a g e d  in n e w  areas, an  essen tia l 
g u id e lin e  fo r th is  p ro g ra m  is to  re a ch  b e yo n d  
p re s e n t-d a y  p ra c t ic e s  a n d  te ch n iq u e s . Th is  is 
a c h ie v e d  b y  s u p p ly in g  th e  s tu d e n t w ith  th e  fu n d a ­
m enta l b a c k g ro u n d  an d  th e  a n a ly tica l te c h n iq u e s  that 
w ill p ro ve  use fu l in all m o d e rn  e n g in e e rin g  
d e ve lo p m e n ts .
S u cce ss fu l co m p le tio n  o f th e  w o rk  fo r th is  d e g re e  re ­
q u ire s  tha t th e  s tu d e n t p a s s  a se ries  o f c o u rs e s  in 
a p p ro v e d  s u b je c ts . T he se  in c lu d e  fo u r th re e -h o u r 
c o re  c o u rs e s  in va rio u s  a re a s  o f a e ro s p a c e  e n g in e e r­
ing . The  c o u rs e s  lis te d  b e lo w  re p re se n t ty p ic a l ones 
a c c e p ta b le  fo r th e  d e g re e  re q u ire m e n ts  an d  pe rm it 
c a n d id a te s  to  s tu d y  in a n y  o f fo u r a re a s  o f a e ro s p a c e  
e n g in e e rin g : (1 ) flu id  m e ch a n ics , (2) h ig h - 
te m p e ra tu re  g a s d y n a m ic s , (3) m a g n e to h yd ro - 
d yn a m ics , an d  (4) th e o re tica l a e ro d yn a m ics . A c tiv e  
rese a rch  in th e se  a re a s  is  b e in g  c a rr ie d  ou t in the  
S ch oo l. However, th e  fa c u lty  m a y  m o d ify  th is  b a s ic  
lis t to  su it th e  nee ds , in te res ts , a n d  b a c k g ro u n d  of 
in d iv id u a l c a n d id a te s . O th e r c o u rs e  s e q u e n ce s , le a d ­
in g  to  sp e c ia liz a tio n  in a llie d  a re a s  su ch  as  e n e rg y  
c o n ve rs io n , a e ro p h ys ics , a n d  ch e m ic a l k in e tic s  can  
b e  a rra n g e d .
A lso  re q u ire d  a re  s ix  hou rs  of e le c tiv e  s u b je c ts . In 
a d d it io n  to  th o se  lis te d  below , a va ila b le  e le c tive  s u b ­
je c ts  fre q u e n tly  in c lu d e  co u rse s , in th e ir  s p e c ia ltie s , 
o ffe re d  b y  fa c u lty  an d  v is itin g  s taff m e m b e rs .
The o th e r re q u ire m e n ts  fo r the  M .E ng. (A e ro sp a ce ) 
d e g re e  a re  s ix  h o u rs  o f m a th e m a tic s  ( IA A 6 8 0 -6 8 1  or 
M a th e m a tics  4 1 5 -4 1 6  o r the  e q u iva le n t), a tte n d a n c e  
a t the  w e e k ly  co llo q u iu m  (one  c re d it  hour p e r term ), 
o n e  a d v a n c e d  se m in a r (tw o  hou rs), an d  on e  a d ­
v a n c e d  p ro je c t (tw o  hou rs). Th is  m a ke s  a  to ta l of 
th ir ty  c re d it  hou rs. In unu sua l c irc u m s ta n c e s , e x c e p ­
tio n s  m ay b e  m a d e  a t th e  d is c re tio n  o f th e  facu lty . A 
c a n d id a te  no rm a lly  w ill have  a  b a c k g ro u n d  e q u iv a ­
lent to  an  a c c re d ite d  fo u r-ye a r b a c h e lo r 's  d e g re e  
p ro g ra m  in a e ro s p a c e  o r m e c h a n ic a l e n g in e e rin g  o r 
e n g in e e rin g  p h ys ics . A  s tu d e n t w ith  a d iffe ren t 
b a c k g ro u n d  m ay  b e  re q u ire d  to  ta ke  a d d it io n a l 
c o u rs e s  to  m ake  u p  d e fic ie n c ie s .
It is  no t re c o m m e n d e d  th a t c a n d id a te s  e n te r the  
p ro g ra m  a t m idyea r, e x c e p t in v e ry  unu sua l c ir ­
c u m s ta n ce s . Furthe r in q u ir ie s  m a y  b e  a d d re s s e d  to  
th e  P rog ram  R ep re sen ta tive , M .E ng . (A e ro sp a ce ), 
G rum m an  Hall.
A va ila b le  c o u rs e s  a re  lis te d  be low :
A va ila b le  C o re  C o u rse s  lo r  M .E ng,
(A e ro s p a c e ) D e g re e : C re d its
IM A 6 1 1, P h ys ics  o f F lu id s  I 3
IM P 643, C o m b u s tio n  P ro ce sse s  3
IM A 621, In tro d u c to ry  P lasm a  P h ys ics  3
IM A 723, S p e c ia l T o p ics  in P la sm a  P h ys ics  3
IM F632, F lu id  M e c h a n ic s  I 3
IM F633, F lu id  M e c h a n ic s  II 3
IM A 602, T h e o re tica l A e ro d y n a m ic s  I 3
IM A 603, T h e o re tica l A e ro d y n a m ic s  II 3
E le c tive s : L is t A *
IM A 612 , P h ys ics  o f F lu id s  II 3
IA G 6 7 2 -6 7 3 , S p a c e  F ligh t M e ch a n ics ; M e ch a n ics  
o f th e  S o la r S ys tem  6
IM A 622, In tro d u c to ry  M a g n e to h y d ro d y n a m ic s  3 
IM A 704, T he o ry  o f V is c o u s  F low s 3
IM A 706 , A tm o s p h e r ic  M o tio n s  3
IM A 707, A e ro d y n a m ic  N o ise  T h e o ry  3
IM A 795, S p e c ia l T o p ics  in A e ro s p a c e  
E n g in e e rin g  3
IM F734, T u rb u le n ce  an d  
Turbu len t F low  3
“ M any  o f these  c o u rs e s  a re  o ffe re d  o n ly  if th e re  is  su f­
fic ie n t d e m a n d . C o m p le tio n  o f the  b a s ic  s e q u e n c e  or 
th e  e q u iva le n t is  u su a lly  a p re requ is ite .
C re d itsE le c tive s : L is t B
IA A 770 , F o u n d a tio n s  o f A p p lie d  
M a th e m a tica l A n a lys is  
IA B 663 , A p p lie d  E las tic ity  
IA B 664 , T h e o ry  o f E las tic ity  
IA B 765 , M a th e m a tica l T h e o ry  of 
E las tic ity  
IA C 662, V ib ra tio n  of E lastic  
S ys tem s 
IA C 670, In te rm e d ia te  D yn a m ics  
IA C 771. A d v a n c e d  D yn a m ics  
IA C 6 75 , N o n lin e a r V ib ra tio n s  
IM F737, N u m e rica l M e th o d s  in F lu id  
F low  and  H eat T ransfer 
IM H 650, T ranspo rt P rocesse s  
IM H 6 5 1 , C o n v e c tio n  H e a t T ransfer 
IM P 643, C o m b u s tio n  P rocesse s  
IM P 644, S e m ina r o n  C o m b u s tio n  
IM P 655, E n e rg y  C o n ve rs io n  
IM T606, A e ro s p a c e  P ropu ls io n  
S ys tem s 3
P h ys ics  443 , A to m ic s  a n d  In tro d u c to ry  
Q uan tum  M e c h a n ic s  4
P h ys ics  444 , N u c le a r an d  H ig h -E n e rg y  
P a rtic le  P h ys ics  4
P h ys ics  454 , In tro d u c to ry  S o lid  S ta te  P h ys ics  4
P h ys ics  510 , A d v a n c e d  E xp e rim e n ta l P h ys ics  3
P h ys ics  561 , C la ss ica l E le c tro d y n a m ic s  3
P h ys ics  562 , T he rm a l, S ta tis tica l, an d  
C o n tin u u m  P h ys ics  3
P h ys ics  572 , Q u a n tu m  M e c h a n ic s  I 3
P h ys ics  574 , Q u a n tu m  M e c h a n ic s  II 3
C h e m is try  780 , P rin c ip le s  o f C h e m ica l K in e tic s  4
C h e m is try  796 , S ta tis tica l M e c h a n ic s  4
IE E 68 1 , In tro d u c tio n  to  P lasm a 
P h ys ics  3
IEE682, A d v a n c e d  P lasm a  P h ys ics  3
IEE731, Q u a n tu m  E le c tro n ic s  I 3
IEE732, Q u a n tu m  E le c tro n ic s  II 3
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M aste r o f  S c ien c e  a n d  D o cto r o f P h ilo so p h y
O rig ina l w o rk  in a e ro s p a c e  e n g in e e rin g  re q u ire s  a d ­
va n c e d  co u rse s  an d  a thes is . This m ay  lead to the  
d e g re e  of M aste r of S c ie n ce  o r D o c to r of Ph ilosophy. 
Each s tuden t w o rks  c lo se ly  w ith  a fa c u lty  su p e rv iso r 
in the  fo rm u la tion  of his o r he r in d iv id u a l p ro g ra m  of 
co u rse  w o rk  and  a c tive  re se a rch . The p ro g ra m s  are  
flex ib le  in o rd e r to  a c c o m m o d a te  th e  b ro a d  and  
ch a n g in g  na tu re  of th e  fie ld  and  the  w id e s t in te rests  
of th e  s tuden ts , a n d  to re flec t the  cu rre n t nee ds  of 
so c ie ty  and industry. Th is  fre q u e n tly  resu lts  in c lo se  
co o p e ra tio n  be tw e en  the  g ra d u a te  Fie ld of A e ro ­
s p a c e  E n g in e e rin g  and  o th e r fie lds  a n d  d iv is io n s  of 
the  U niversity.
F acu lty  resea rch  in p ro g re ss  sp re a d s  ove r m any 
areas. F lu id  p h e n o m e n a  of d ive rse  ty p e s  have  a lw ays 
been  o f p rim e  im po rtance . The re  are  p resen tly  
s tu d ie s  of th e  son ic  boom , a e ro d yn a m ic  noise, fe rro - 
flu ids , g e o p h y s ic a l flow s, u n s te a d y  b o u n d a ry  layers, 
an d  co m p u ta tio n a l flu id  m e ch a n ics . R esearch  in 
a p p lie d  p h ys ics  and  ch e m is try  is re p re se n te d  b y  to p ­
ics in ch e m ica l k in e tics , g a s  lasers, and  p las- 
m a d yn a m ics . A nove l d e s ig n  fo r a lo w -p o llu tio n  a u ­
to m o tive  e n g in e  is b e in g  in ten s ive ly  tes ted , and a 
new  p ro je c t in c o m b u s tio n  ch e m is try  has b eg un . 
O the r p ro je c ts  on e n e rg y  an d  tra n sp o rta tio n  p ro b ­
lem s, som e jo in tly  w ith  th e  g ra d u a te  Fie ld o f M e ch a n ­
ica l E ng ine e ring , are  u n d e r way.
The  a c tiv itie s  of the a e ro s p a c e  e n g in e e rin g  fa c u lty  
are  bes t su m m a rize d  th ro u g h  its rese a rch  an d  p u b ­
lished  pap e rs . Those  in te res ted  in o b ta in in g  c o p ie s  or 
a b s tra c ts  of w o rk  re ce n tly  c o m p le te d  shou ld  w rite  to 
the  G ra d u a te  F acu lty  R e p re sen ta tive  (A e ro sp a ce  E n­
g in e e rin g ), U p son  Hall. A n a n n o u n ce m e n t titled  
G ra d u a te  S tudy  in E n g in e e rin g  a n d  A p p lie d  S c ie n c e , 
w h ich  in c lu d e s  a d e sc rip tio n  o f A e ro s p a c e  E n g in e e r­
ing, is a lso  a va ila b le  (see p. 4).
Mechanical Engineering
D e g re e s  O ffe re d : B a ch e lo r o f S c ience , M aste r o f En­
g in e e rin g  (M e ch a n ica l) , M aste r o f S c ience , D o c to r of 
Philosophy.
M e ch a n ica l e n g in e e rin g , the  b ro a d e s t o f the  severa l 
e s ta b lish e d  fie lds  o f e n g in e e rin g , c o m p ris e s  tw o 
m a jo r s trea m s of te ch n o lo g y : (1) th e  tra n s fo rm a tio n  
and  u tiliza tion  of energy, in c lu d in g  flu id  d y n a m ic s  and  
hea t tran s fe r; and  (2) th e  d e s ig n  an d  p ro d u c tio n  of 
g o o d s , m ach in es , e q u ip m e n t, and  sys tem s. A c c o rd ­
ingly, m e ch a n ica l e n g in e e rin g  at C o rne ll fa lls  in to  tw o  
m ain  a reas  of c o n ce n tra tio n : m e ch a n ica l sys tem s 
and  d e s ig n , and  e n g in e e rin g  of e n e rg y  and 
flu id  sys tem s
B e cause  of the  w id e  ra n g e  of m e ch a n ica l e n g in e e r­
ing, the  fou r-yea r u n d e rg ra d u a te  p ro g ra m  is d e ­
s ig n e d  to p ro v id e  b re a d th  of tra in in g , to  d e v e lo p  in 
each  s tu d e n t som e d e p th  of u n d e rs ta n d in g  of the 
e n g in e e rin g  s c ie n ce s  b a s ic  to  the  fie ld, and to p ro ­
v id e  an in tro d u c tio n  to  the  p ro fe ss io n a l an d  te ch n ica l 
a reas  w ith  w h ich  m e ch a n ica l e n g in e e rin g  is p a rt ic u ­
la rly  co n ce rn e d . The p ro g ra m  has been  d e s ig n e d  to  
p ro v id e  a g re a t dea l of fle x ib ility  to  suit in d iv id u a l 
s tu d e n ts ’ ob je c tive s .
This b ro a d  p re p a ra tio n  le ads to severa l p o ss ib ilit ie s  
fo r a d v a n c e d  s tu d y  fo llo w in g  th e  B.S. d e g re e  p ro ­
g ram . P o ss ib le  g ra d u a te  level p ro g ra m s  at C o rne ll 
in c lude :
1. G ra d u a te  s tu d y  le a d in g  to the d e g re e  o f M a s te r o f 
E n g in e e rin g  (M e ch a n ica l) . This is a c u rric u la r  ty p e  of 
p ro fess ion a l p ro g ra m  in te n d e d  fo r those  s tu d e n ts  
w h o  w ish  to  p ra c t ic e  m e ch a n ica l e n g in e e rin g . A l­
th o u g h  th e  co u rse  o f s tu d y  is a va ila b le  fo r all qua lifie d  
s tu d e n ts  w h o  ho ld  a b a c c a la u re a te  d e g re e  in e n ­
g in e e rin g , th e  p ro g ra m  is s p e c ia lly  a d a p te d  as  a 
g ra d u a te  ye a r o f s tu d y  in te g ra te d  w ith  th e  p re v io u s  
w o rk  in the  S ib le y  S ch oo l of M e ch a n ica l and  A e ro ­
s p a c e  E n g in e e rin g . It is th e  p ro g ra m  co m m o n ly  taken  
by  q u a lif ie d  s tu d e n ts  not p la n n in g  to  p u rsu e  resea rch  
or te a ch in g  as a c a re e r or not ch a n g in g  th e ir  fie ld  for 
a d v a n c e d  w o rk . D e ta ils  o f th is  p ro g ra m  are  g ive n  on 
the fo llo w in g  pag es .
2. G ra d u a te  s tu d y  le a d in g  to the d e g re e s  o f M aste r  
o f S c ie n ce  o r D o c to r  o f P h ilosophy, w ith  m a jo rs  in 
e ithe r m e c h a n ic a l d e s ig n  o r e n e rg y  a n d  f lu id  s y s ­
tem s. S tuden ts  p la n n in g  to  e n g a g e  in re se a rch  or 
te a c h in g  as a c a re e r w o u ld  no rm a lly  en ro ll in su ch  a 
p ro g ra m . In fo rm a tion  is g iven  in th e  A n n o u n c e m e n t o f  
the G ra d u a te  School.
3. G ra d u a te  s tu d y  in re la te d  f ie lds  su ch  as a e ro ­
s p a c e  e n g in e e rin g , in dustria l e n g in e e rin g , o r n u c le a r 
s c ie n c e  a n d  e n g in e e rin g , o r in d iffe ren t fie lds  su ch  as 
bu s in e ss  a d m in is tra tio n , law, o r m ed ic ine .
A re a s  o f C o n cen tra tio n
M ec h a n ic a l S y s te m s  and  D e s ig n . This area  is 
c o n c e rn e d  w ith  those  a s p e c ts  o f m e ch a n ica l e n ­
g in e e rin g  th a t in vo lve  the  de s ig n , ana lys is , and m an­
u fa c tu re  o f d e v ice s , m ach in es , and  sys tem s. To fo llo w  
a co u rse  of s tu d y  in th is  area, s tu d e n ts  m ay e le c t 
co u rse s  th a t w ill e q u ip  them  fo r a w id e  va rie ty  of e n ­
g in e e rin g  tasks; p a rt ic u la r a reas  of c o n ce n tra tio n  are 
ve h ic le  e n g in e e rin g , an d  m a n u fa c tu rin g  
and  de s ig n .
Veh ic le  e n g in e e rin g  is c o n c e rn e d  w ith  the  tra n s p o rta ­
tion  n e e d s  of m ode rn  society. It in c lu d e s  the  c o n s id ­
e ra tion  of w h e e le d  and  o th e r tra n sp o rte rs . D ynam ic  
and  sa fe ty  a s p e c ts  as w e ll as  s truc tu ra l fe a tu re s  are  
co n s id e re d . The co u rse  o ffe rings  are  s u p p le m e n te d  
w ith  in d e p e n d e n t p ro je c ts .
M a n u fa c tu rin g  and  d e s ig n  is c o n c e rn e d  w ith  the 
e co n o m ica l d e s ig n  and  p ro d u c tio n  of m ate ria l g o o d s  
n e e d e d  by  society. E m pha s is  is p la c e d  on th e  in te rre ­
la tion  of d e s ig n  an d  m anu fac tu re . A tte n tio n  is p a id  to 
th e  new er p ro d u c tio n  te c h n iq u e s  (e.g ., e le c ­
tro m e ch a n ica l m a ch in in g , e le c tro d is c h a rg e  m a c h in ­
ing , e xp lo s ive  fo rm in g , n u m e rica l con tro l, and  a u to ­
m a te d  p ro d u c tio n ), and  th e  tra d itio n a l m e th ods. In­
d e p e n d e n t w o rk  in sp e c ia liz e d  a reas is a lso  o ffered.
E n g in eerin g  o f E n erg y  and F lu id  S y s te m s . This 
area  of co n ce n tra tio n  is c o n c e rn e d  w ith  the  tra n s fo r­
m ation , transfer, a n d  u tiliza tion  of energy, a n d  w ith  
flu id  d yn a m ics . These  c o n c e rn s  m ay b e  su m m a rize d  
as:
1. P o w er a n d  p ro p u ls io n :  C o nve rs ion  of e n e rg y  fo r 
m a n ’s va rio u s  re q u ire m e n ts  fo r e le c tr ic  p o w e r an d  
tra n sp o rta tio n  (te rres tria l and  a e ro sp a ce ). S tuden ts
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a re  o ffe red  re leva n t e le c tiv e  c o u rs e s  tre a tin g  p o w e r 
a n d  a e ro sp a ce  p ro p u ls io n  sys tem s, e n e rg y  c o n v e r­
s ion, co m b u s tio n  a n d  tra n s p o rt p ro ce sse s , an d  flu id  
m echan ics .
2. E n v iro n m e n ta l co n tro l: The  s tu d y  o f e nv iro nm e n ta l 
m o d ifica tio n , w ith  e m p h a s is  on  s o u rc e s  of po llu tan ts , 
th e ir  d is tr ib u tio n  th ro u g h  th e  e a rth ’s w a te rs  a n d  a t­
m osphere , an d  te c h n ic a l a lte rn a tive s  th a t m in im ize  or 
e lim in a te  th e  im p a c t o f te c h n o lo g ic a lly  o r ig in a te d  p o l­
lu tion . The c re a tio n  o f a rtific ia l e n v iro n m e n ts  is 
co n s id e re d . R e levan t e le c tiv e s  tre a t p o llu tio n  p ro b ­
lem s, re fr ig e ra tio n  a n d  a ir co n d it io n in g , a c o u s tic s  and  
noise, c o m b u s tio n  en g in e s , an d  th e  m ore  fu n d a m e n ­
ta l to p ic s  a lre a d y  m en tione d .
T he o re tica l a n d  e xp e rim e n ta l re se a rch  in te re s ts  in ­
c lu d e  h ig h -te m p e ra tu re  an d  n o n e q u ilib riu m  flu id  
d yn a m ics , p la sm a  p ro ce sse s , ro ta tin g  flu id s  w ith  a p ­
p lica tio n  to  th e  c o n fin e m e n t o f h ig h -te m p e ra tu re  
g a se s  a n d  to na tu ra l p ro c e s s e s  in th e  a tm o sp h e re  
a n d  ocea ns, p ro b le m s  o f hea t re je c tio n  to  th e  e n v i­
ro n m e n t—  the rm a l p o llu tio n , co m b u s tio n  p rocesses , 
a ir p o llu tio n , and  fire  re se a rch ; co n ve c tio n , c o n d u c ­
tion, and  ra d ia tive  hea t transfer.
The Degree Programs
B a c h e lo r o f S c ien ce
T he fo u r-ye a r b a c c a la u re a te  p ro g ra m  in m e ch a n ica l 
e n g in e e rin g  b e g in s  in th e  D iv is ion  of B a s ic  S tu d ie s  
(DBS), w h ich  o ffe rs  a  fre sh m a n  and  s o p h o m o re  cu r­
ricu lum  tha t is su b s ta n tia lly  co m m o n  to  a ll u n d e r­
g ra d u a te  e n g in e e rin g  s tu d e n ts . S tu d e n ts  w h o  p la n  to  
en te r th e  F ie ld  P rog ram  in M e ch a n ica l E n g in e e rin g  as 
u p p e rc la s s  s tu d e n ts  m us t e lec t, as on e  o f th e ir  fou r 
s o p h o m o re  e n g in e e r in g  c o re  sc ie n ce s , the  co u rse  
IA K 2 2 1 , M e ch a n ics  o f S o lids . If th e y  h ave  a  de fin ite  
in te res t in m e c h a n ic a l e n g in e e rin g , it is  s tro n g ly  re ­
c o m m e n d e d , th o u g h  no t re q u ire d , th a t th e y  a lso  take  
IM G 2 2 1 , In tro d u c tio n  to  T h e rm o d yn a m ics , and  
IA K 2 3 1 , D yn am ics , as tw o  o f th e ir  o th e r so p h o m o re  
e n g in e e rin g  c o re  sc ie n ce s . Th is  w ill a llo w  a m o re  flex­
ib le  fie ld  p ro g ra m  w ith  an in c re a se d  n u m b e r of e le c ­
t ive  cou rses .
T he  u p p e rc la s s  c u rr ic u lu m  c o m p ris e s  tw e n ty  
co u rse s . E igh t a re  re q u ire d  by  th e  C o lle g e  fo r all 
ju n io r an d  se n io r s tu d e n ts , an d  c o n s is t of fo u r libe ra l 
s tu d ie s  e le c tive s , tw o  te c h n ic a l e le c tive s , a n d  tw o  
fre e  e le c tive s . T he  F ie ld  P rog ram  in M e ch a n ica l En­
g in e e rin g  c o m p ris e s  th e  o th e r tw e lve  c o u rse s : n ine  
re q u ire d , one  e le c tiv e  in th e  a re a  o f m a th e m a tics  
(ch o se n  from  a  lis t o f a p p ro v e d  co u rse s ), a n d  tw o  
fie ld  e le c tive s  (u p p e rc la s s  c o u rse s  o ffe red  by  th e  S ib ­
le y  S choo l o f M e ch a n ica l a n d  A e ro s p a c e  E n g in e e r­
ing). O f th e  n ine  re q u ire d  co u rse s , th re e  m ay b e  co re  
s c ie n c e s  taken  p re v io u s ly  in DBS; in th is  case , re ­
le ased  e le c tiv e s — c h o s e n  from  o ffe r in g s  in the  
natura l sc ie n ce s , m a th em a tics , o r e n g in e e r in g  —  b e ­
c o m e  ava ilab le . Thus, th e  F ie ld  P rog ram  p ro v id e s  a 
g re a t dea l o f fle x ib ility : a m in im um  o f fo u r a n d  a 
m a x im u m  of e ig h t e le c tive s  in te c h n ic a l a re a s  are  
a v a ila b le  d u rin g  th e  ju n io r  an d  se n io r years . T h is  flex­
ib ility  re q u ire s  c a re fu l p la n n in g  b y  th e  s tu d e n ts  in 
co n su lta tio n  w ith  th e ir  fa c u lty  a d v is e rs  to  e n su re  tha t
th e y  fo llo w  a m e a n in g fu l p ro g ra m  d ire c te d  b y  the ir 
p a r tic u la r  in te res ts .
F ie ld  P rog ram  re q u ire m e n ts  a re  su m m a rize d  as 
fo llow s.
R e q u ire d  c o u rs e s  w h ich  m ay b e  ta ke n  as  c o re  s c i­
e n c e s  in  D B S  o r as  M e c h a n ic a l E n g in e e rin g  F ie ld  
c o u rs e s :
IAK231, D yn am ics  
IT E 261 , M e ch a n ica l P ro p e rtie s  of 
M a te ria ls  (D BS )
or
IM M 311, M a te ria ls  an d  M a n u fa c tu rin g  
P rocesse s  (fie ld  c o u rse )
IEE210, In tro d u c tio n  to  E le c trica l S ys tem s 
IM G 221, In tro d u c tio n  to  T h e rm o d y n a m ic s
O th e r re q u ire d  c o u rse s :
IM F323, F lu id  D yn a m ics  
IM H 324, H eat T rans fe r a n d  T ranspo rt 
P ro p e rtie s
IM G 325, M e ch a n ica l D e s ig n  a n d  A n a lys is  
IM S 326, S ys tem s D yn a m ics  
IM G 453, M e ch a n ica l E n g in e e rin g  L a b o ra to ry  
E le c tive  c o u rse s :
A  c o u rs e  in m a th e m a tics  o r m a th e m a tica l m e th ods , 
ch o se n  from  an a p p ro v e d  list an d  ta ke n  d u r in g  th e  
ju n io r o r s e n io r year. Two fie ld  e le c tiv e s  s e le c te d  from  
u p p e rc la s s  c o u rs e s  in m e ch a n ica l e n g in e e r in g  o f­
fe re d  b y  th e  S ib le y  S ch o o l o f M e ch a n ica l an d  A e ro ­
s p a c e  E n g in e e rin g .
O n e  p o s s ib le  c o u rs e  se q u e n c e  su ita b le  fo r s tu d e n ts  
w h o  e n te r th e  F ie ld  P rog ram  w ith  o n ly  on e  m e c h a n i­
ca l e n g in e e r in g  re q u ire d  c o u rse  (the  e n try  re q u ire ­
m en t o f IA K 2 2 1 , M e c h a n ic s  o f S o lid s ) is  g ive n  b e lo w  
as  a  g u id e  to  th e  d e v e lo p m e n t o f a  c o u rse  p rog ram . 
O f cou rse , m any  o th e r p ro g ra m s  a re  p o ss ib le ; fo r 
exam p le , those  s tu d e n ts  w h o  have  fo llo w e d  the  
re c o m m e n d a tio n  to  sa tis fy  som e fie ld  re q u ire m e n ts  
b y  ta k in g  c e rta in  s o p h o m o re  e n g in e e r in g  c o re  s c i­
en ce s  a re  a b le  to  su b s titu te  re le a se d  e le c tiv e s  fo r 
them . A lso , m a n y  c o u rs e s  m a y  b e  ta ke n  in te rm s  d if­
fe re n t fro m  th o se  in d ic a te d  below . E a ch  s tu d e n t a r­
ra n g e s  an in d iv id u a l s c h e d u le  in c o n s u lta tio n  w ith  a 
fa c u lty  adviser.
Term 5
IA K 2 3 1 , D yn a m ics
IM G 221 , T h e rm o d yn a m ics
IM M 3 1 1, M a te ria ls  an d  M a n u fa c tu rin g  P rocesse s
M a th e m a tics  e le c tive
L ib e ra l s tu d ie s  e le c tive
Term 6
IM G 325, M e ch a n ica l D e s ig n  a n d  A n a lys is
IM F323, F lu id  M e c h a n ic s
IEE210, In tro d u c tio n  to  E le c trica l S ys tem s
F ie ld  e le c tive
L ibera l s tu d ie s  e le c tiv e
Term  7
IM H 324, H eat T ransfer a n d  T ra n sp o rt P rocesse s  
IM S 326, S ys te m s D yn a m ics  
IM G 453, M e ch a n ica l E n g in e e rin g  L a b o ra to ry  
T ech n ica l e le c tive  
L ib e ra l s tu d ie s  e le c tiv e
Term 8
F ie ld  e le c tiv e
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T echn ica l e le c tive  
Free e le c tive  
Free e le c tive  
L ibe ra l s tu d ie s  e le c tive
F ie ld, te ch n ica l, re lea sed , a n d  free  e le c tive s  m ay b e  
c h o se n  to  e m p h a s ize  p a rt ic u la r  a re a s  o f m e ch a n ica l 
en g in e e rin g  if d e s ire d . S evera l g ro u p in g s  o f e le c tive s  
a re  g ive n  b e lo w  to g iv e  som e  e xa m p le s  o f such  
areas.
D e s ig n  a n d  a n a lys is  co u rse s :
IM G 325, M e ch a n ica l D e s ig n  an d  A n a lys is  
IM S 326, S ys tem s D yn a m ics  
IM S389, C o m p u te r-A id e d  D e s ign  
IM D 663, M e ch a n ica l C o m p o n e n ts  
IM D 464, D e s ig n  fo r M a n u fa c tu re  
IM S677, M e ch a n ica l V ib ra tio n s  
IM S674, C o n ce p tu a l D e s ign  
IM S 678, A u to m a tic  C o n tro l System s 
IM S 690, S p e c ia l in ve s tig a tio n s  
in M e ch a n ica l S ys tem s
M ate ria ls  p ro c e s s in g , a u tom a tion , a n d  p ro d u c t io n  
sys tem s e le c tive s :
IM D 464, D e s ign  fo r M a n u fa c tu re  
IM S678, A u to m a tic  C o n tro l S ystem s 
IM M 311, M ate ria ls  a n d  M a n u fac tu ring  
P rocesse s 
IM M 612, A n a lys is  o f M a n u fa c tu rin g  
P rocesse s 
IM M 614, In tro d u c tio n  to  N u m erica l 
C ontro l
IM M 690, S p ec ia l In ve s tig a tio n s  in 
M a te ria ls  P rocess ing  
ITE339 (M a te ria ls  S c ie n ce  and  
E n g ine e ring ), M ate ria ls  E n g ine e ring  
IIF303 (C iv il a n d  E nv ironm enta l 
E n g ine e ring ), E n g in e e rin g  E co n o m ics  
a n d  S ystem s A n a lys is  
IO R 350 ( In d u s tr ia l E n g ine e ring  
an d  O p e ra tio n s  R esearch),
C o s t A cco u n tin g , A n a lys is , an d  C ontro l 
B io m e ch a n ics  e le c tive s :
IM B 665, B io m e ch a n ica l S ys tem s —
A n a lys is  an d  D e s ign  
IM B 690, S p e c ia l In ve s tig a tio n s  
in B io m e ch a n ica l System s 
A g ricu ltu ra l E n g ine e ring  415,
P hys ica l A n a lys is  o f P lant 
a n d  A n im a l M ate ria ls  
A g ricu ltu ra l E ng ine e ring  685,
B io lo g ica l E n g ine e ring  A n a lys is  
IAH601 (T h e o re tica l and  
A p p lie d  M e ch a n ics ), B io m e ch a n ics , 
B io e n g in e e rin g , B io n ics , an d  R o bo ts  
Vehicle e n g in e e rin g  e le c tive s :
IM D 663, M e ch a n ica l C o m p o n e n ts  
IM S677, M e ch a n ica l V ib ra tio n s  
IM T486, A u to m o tive  E n g ine e ring  
IM S678, A u to m a tic  C ontro l S ys tem s 
IM T687, D yn am ics  o f Veh ic les 
IM P442, P o llu tion  C o n tro l in 
P ow er and  P ropu ls io n  
IM F636, T u rb o m a ch in e ry  
IM P449, C o m b u s tio n  E n g ine s  
IID 620  (C iv il a n d  E n v ironm enta l 
E n g ine e ring ), T ranspo rta tion  E n g ine e ring
P o w er a n d  e n e rg y  e n g in e e r in g  e le c tive s :
IM G 208, The  Role o f E n e rg y  in S o c ie ty  
IM P 440, T h e rm o d yn a m ic  A p p lic a tio n s  
IM P 643, C o m b u s tio n  P rocesse s 
IM P 655, E n e rg y  C o nve rs ion  
IM G 656 , E n e rg y  an d  F lu id  S ys tem s L a b o ra to ry  
IP 303 (A p p lie d  a n d  E n g in e e rin g  
P h ysics), In tro d u c tio n  to 
N u c le a r S c ie n c e  an d  E n g ine e ring  
IM F 6 3 2 -6 3 3 ,  F lu id  M e ch a n ics  I an d  II 
IM H 650, T ra n sp o rt P rocesse s  
IM P 658, P ro ce sse s  o f L a rg e  S ca le  
H e a t R e jec tion  
IM P 656, P ow er S ys tem s 
IM P 442, P o llu tion  C o n tro l in 
P ow er an d  P ropu ls io n  
IM T606, A e ro s p a c e  P ropu ls io n  S ys tem s 
IM F636, T u rb o m a ch in e ry  
IM P 449, C o m b u s tio n  E n g ine s
E n v iro n m e n ta l c o n tro l e le c tive s :
IM G 654, E n v ironm enta l C ontro l 
IM F339, A c o u s tic s  an d  N o ise  
IM P 442, P o llu tion  C o n tro l in 
P ow er an d  P ropu ls io n  
IM P643, C o m b u s tio n  P rocesse s 
IM P658, P rocesse s o f L a rg e  S ca le  
H eat R e jec tion  
C h e m is try  3 8 9 -3 9 0 ,  P hys ica l 
C h e m is try  I an d  II
A e ro s p a c e  e n g in e e r in g  e le c tive s :
IM T305, In tro d u c tio n  to  A e ro n a u tics  
IM F 6 3 2 -6 3 3 , F lu id  
M e c h a n ic s  I and  II 
IM F636, T u rb o m a ch in e ry  
IM T606, A e ro s p a c e  P ropu ls io n  
S ys tem s 
IA G 6 72  (T h e o re tica l an d  A p p lie d  
M e ch a n ics ), S p a c e  F ligh t M e ch a n ics  
IA G 6 7 3  (T h e o re tica l an d  A p p lie d  
M e ch a n ics ), M e ch a n ics  of 
th e  S o la r S ystem
A lth o u g h  the re  is no  re q u ire m e n t fo r in d u s tria l e x p e ri­
e n ce , u n d e rg ra d u a te  s tu d e n ts  a re  u rg e d  to  ob ta in  
s u m m e r e m p lo ym e n t th a t w ill b ro a d e n  th e ir  kn o w ­
le d g e  o f e n g in e e rin g . T h is  is re g a rd e d  as  p a rtic u la rly  
d e s ira b le  fo r those  w h o  p la n  to  e n te r th e  p ro fe ss io n a l 
p ro g ra m  fo r  th e  M aste r o f E n g in e e rin g  d e g re e . The 
U n ive rs ity  and  C o lle g e  p la c e m e n t se rv ic e s  can  be 
h e lp fu l in fin d in g  e m p lo ym e n t o p p o rtu n itie s . Indus tria l 
e x p e rie n c e  is a lso  a va ila b le  to  m e ch a n ica l e n g in e e r­
ing  s tu d e n ts  th ro u g h  th e  E n g in e e rin g  C o o p e ra tive  
P rog ram  (se e  p. 9), w h ich  p ro v id e s  fo r th re e  w o rk  
p e r io d s  d ru in g  th e  u p p e rc la s s  ye a rs  ye t d o e s  no t 
d e la y  th e  no rm a l g ra d u a tio n  d a te .
G ra d u a te  D e g rees
F a cu lty  m e m b e rs  o f th e  g ra d u a te  F ie ld  o f M e ch a n ica l 
E n g in e e rin g : D. L. B arte l, C. A . B e rg , J. F. Booker, B. 
C o n ta , T. A. Cool, R C. T. deB oer, E C. G ou ld in , S. 
L e ib o v ich , W. J. M cLean , E K. M oore, R. M. Phelan,
P. T. R a du lo v ic , D. G. S h e p h e rd , K. E. Torrance , K. K. 
W ang, R. L. W ehe.
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M aste r o f E n g in eerin g  (M ec h an ica l)
A  o n e -ye a r p ro g ra m  b u ild in g  u po n  the  u n d e rg ra d u a te  
d e g re e  p ro g ra m  in m e c h a n ic a l e n g in e e r in g  le a d s  to 
th e  p ro fe ss io n a l d e g re e  o f M aste r o f E n g ine e ring  
(M e ch a n ica l) . T he  e m p h a s is  is o n  th e  d e v e lo p m e n t of 
c o m p e te n c e  in p ro fe ss io n a l s u b je c ts . E xp e rie n ce  is 
p ro v id e d  th ro u g h  a  team  d e s ig n  p ro je c t.
T h is  p ro g ra m  is d e s ig n e d  to  b e  fle x ib le  so  th a t c a n ­
d id a te s  m ay c o n c e n tra te  on any  o f a va rie ty  o f s p e ­
c ia lty  a re a s  w ith in  th e  fie ld  o f m e ch a n ica l e n g in e e r­
ing . T he se  a re a s  in c lu d e  b io e n g in e e rin g , m a ch in e  
d y n a m ic s  an d  con tro l, m e ch a n ica l a n a lys is  an d  d e ­
v e lo p m e n t, ve h ic le s  a n d  p ro p u ls io n , p ro p u ls io n  en ­
g ines , e n e rg y  sys tem s, th e rm a l e n v iro n m e n t, m a n ­
u fa c tu rin g  e n g in e e r in g , and  m a te ria l rem ova l. D e­
p e n d in g  on  th e  in d iv id u a l's  p re p a ra tio n , a t le as t half 
th e  c o u rse  w o rk  is e le c tive  to  so m e  d e g re e .
A d m iss io n s  re q u ire m e n ts  a re  lis te d  on  p. 13. A 
m in im u m  o f tw o  te rm s  o f fu ll-t im e  s tu d y  w ith  c o m p le ­
t ion  o f a t le as t th ir ty  ho u rs  o f c o u rs e  w o rk  is re q u ire d  
to  c o m p le te  th e  d e g re e  p ro g ra m . It sh o u ld  b e  no ted , 
how ever, th a t s in c e  th e  p ro g ra m  is d e s ig n e d  to  fo llo w  
the  C o rne ll u n d e rg ra d u a te  p ro g ra m  in m e ch a n ica l 
e n g in e e rin g  o r the  e q u iva le n t, s tu d e n ts  w ith  o th e r un ­
d e rg ra d u a te  b a c k g ro u n d s  m ay have  d e fic ie n c ie s  tha t 
w ill n e ce ss ita te  a d d it io n a l w o rk  a n d  p e rh a p s  m ore  
th a n  the  usua l le n g th  of t im e  to  earn  th e  d e g re e . The 
M .E ng. p ro g ra m  is  g e n e ra lly  taken  as  p re p a ra tio n  fo r 
a  p ra c tic e -o r ie n te d  career. H ow ever, if e le c tiv e  
c o u rse s  a re  ch o se n  care fu lly , th e  p ro g ra m  c a n  be  
sa tis fa c to ry  p re p a ra tio n  fo r a Ph.D. d e g re e  p ro g ra m  
o r w o rk  o f a re se a rch -a n d -d e v e lo p m e n t-o r ie n te d  
nature .
T he usua l c u rr ic u lu m  is as  fo llow s:
F a ll te rm  C re d its
M a th e m a tics  3
IM S 770, A d v a n c e d  M e ch a n ica l A n a lys is  3
IM G 790, M e ch a n ica l E n g in e e rin g  D e s ign  
P ro je c t 3
E n g ine e ring  la b o ra to ry  3
T ech n ica l e le c tive  3
S p ring  te rm
M a th e m a tics  3
A d v a n c e d  e n e rg y  a n d  flu id  sys te m s c o u rs e  3
IM G 790, M e ch a n ica l E n g in e e rin g  D e s ign  
P ro jec t 3
M e ch a n ica l e n g in e e rin g  e le c tive  3
Tech n ica l e le c tive  3
It is re c o m m e n d e d  th a t th e  m a th e m a tics  re q u ire m e n t 
b e  sa tis fie d  b y  A p p lie d  M a th e m a tics  IA A 3 5 0 -3 5 1  or, 
o n  a  m ore  a d v a n c e d  level, b y  IA A 6 8 0 -6 8 1 .  C o u rse s  
o ffe re d  b y  th e  D e p a rtm e n t o f M a th e m a tics  m ay b e  
ta ke n  w ith  th e  a p p ro v a l o f th e  adviser. If th e  s ix -h o u r 
m a th e m a tics  re q u ire m e n t has  b e e n  sa tis fie d  in a d ­
v a n c e  b y  co u rse s  taken  d u rin g  th e  u n d e rg ra d u a te  
years , th e se  c re d it  hou rs m ay be taken  in te ch n ica l 
e le c tiv e  su b je c ts .
The s c h e d u le  m ay be  a rra n g e d  to  a c c o m m o d a te  the  
e n e rg y  and  f lu id  sys te m s  c o u rs e  e ith e r te rm . The 
c o u rse  is  to  b e  se le c te d  from  th e  fo llo w in g : IM A 6 1 1, 
P h ys ics  of F lu ids  I (fa ll); IM F632, F lu id  M e ch a n ics  I 
(fa ll); IM H 650, T ranspo rt P ro ce sse s  (fa ll);
IM A 612, P h ys ics  o f F lu ids  II (s p rin g ); IM F633, F lu id
M e c h a n ic s  II (s p r in g ); IM P 643, C o m b u s tio n  P ro c ­
esse s  (s p rin g ); IM P 655, E n e rg y  C o n ve rs io n  (s p rin g ); 
an d  IM F737 , N u m e rica l M e th o d s  in F lu id  F low  and  
H e a t T ransfer (s p rin g ). If tw o  o r m o re  o f th e s e  c o u rse s  
have  b e e n  s a tis fa c to r ily  c o m p le te d  p r io r  to  e n try  in 
th e  p ro g ra m , a n y  g ra d u a te - le v e l c o u rs e  in th e  IMF 
IM H , o r IMP g ro u p s  m a y  be  taken  to  sa tis fy  the  
e n e rg y  a n d  f lu id  sys te m s  req u ire m e n t.
T h e  e n g in e e r in g  la b o ra to ry  c o u rs e  m a y  b e  e ithe r 
IM D 672, E xp e rim e n ta l M e th o d s  in M a c h in e  D e s ign  
(fa ll), o r IM G 656, A d v a n c e d  E n e rg y  a n d  F lu id  S ys­
te m s  L a b o ra to ry  (fa ll). O th e r la b o ra to ry  c o u rs e s  g ive n  
in th e  C o lle g e  o f E n g in e e rin g  m ay b e  a p p ro v e d  for 
q u a lif ie d  s tu d e n ts  if s u ch  c o u rs e s  a re  su ita b le  fo r a 
p a rtic u la r  o b je c tive .
T he  M e ch a n ica l E n g in e e rin g  D e s ig n  P ro jec t, IM G 790, 
re q u ire s  in d iv id u a ls  to  w o rk  as m e m b e rs  o f a d e s ig n  
te a m  w h ich  is re sp o n s ib le  fo r th e  p re p a ra tio n  o f a 
fo rm a l re p o rt a t th e  e n d  o f th e  year. S o m e  re ce n t 
p ro je c ts  h ave  b e e n  c o n c e rn e d  w ith  fly  ash  d isp o sa l, 
o c e a n  cu rre n t m e a su re m e n t, g a s  tu rb in e  lo a d -te s t 
eq u ip m e n t, d e s ig n  o f a ta p e  sp lice r, p la n e ta ry  rov ing  
ve h ic le s , g e o th e rm a l p o w e r p la n ts , a n d  a ss is tive  d e ­
v ic e s  fo r h a n d s  a n d  le gs . S o m e p ro je c ts  are  
s u g g e s te d , m o n ito re d , a n d  re v ie w e d  b y  o u ts id e  o r­
g a n iza tio n s , w h o se  e n g in e e rs  w o rk  w ith  th e  s tu d e n t 
p ro je c t g ro u p s  a n d  p a r t ic ip a te  in a te c h n ic a l sess ion  
w h e n  th e  p ro je c t re p o rts  a re  p re s e n te d  a t th e  e n d  o f 
th e  year.
S o m e  s c h o la rs h ip  a id  is  a va ila b le . A d m iss io n  a n d  
s c h o la rs h ip  a p p lic a tio n  fo rm s  m a y  b e  o b ta in e d  by  
w r itin g  to  th e  O ffic e  o f th e  C h a irm a n , G ra d u a te  P ro ­
fe ss io n a l E n g in e e rin g  P rog ram s, 3 2 3  U p so n  Hall. 
Further in fo rm a tion  on  th e  p ro g ra m  c a n  be  o b ta in e d  
fro m  th e  O ffic e  o f th e  D irecto r, S ib le y  S ch o o l of 
M e c h a n ic a l a n d  A e ro s p a c e  E n g in e e rin g , 105 U p son  
Hall.
M a s te r o f  S c ie n c e  a n d  D o cto r o f  P h ilo so p h y
T he  g e n e ra l a n d  s p e c ia l re q u ire m e n ts  fo r th e se  d e ­
g re e s  in th e  g ra d u a te  F ie ld  o f M e ch a n ica l E n g in e e r­
ing  a re  g iv e n  in th e  A n n o u n c e m e n t o f  th e  G ra d u a te  
S ch o o l (se e  p. 4).
The re  is no  re q u ire d  p a tte rn  o f c o u rse s ; an  in d iv id u a l 
p ro g ra m  o f fo rm a l o r in fo rm a l s tu d y  is a r ra n g e d  b y  a 
s tu d e n t in c o n s u lta tio n  w ith  a S p e c ia l C o m m itte e  that 
is  se le c te d  b y  th e  s tu d e n t. The re q u ire d  th e s is  s tu d y  
is  usua lly  re la te d  to  g e n e ra l o r s p e c ia l in te re s ts  o f a 
fa c u lty  m e m b e r o f th is  fie ld .
F e llow sh ip s , re se a rch  a ss is ta n tsh ip s , a n d  te a c h in g  
a s s is ta n tsh ip s  a re  a v a ila b le . Fu rthe r in fo rm a tio n  m ay 
be  o b ta in e d  by  w ritin g  to  th e  G ra d u a te  F a cu lty  R ep­
re se n ta tive  (M e c h a n ic a l E n g in e e rin g ), S ib le y  S ch oo l 
o f M e ch a n ica l a n d  A e ro s p a c e  E n g in e e rin g , U p son  
Hall.
N u cle ar S c ie n c e  and  E n g in eerin g  61
Nuclear Science and 
Engineering
W ard L a b o ra to ry  o f N u c le a r E n g in e e rin g
D e g re e s  o ffe red :  M aste r o f E n g in e e rin g  (N uc lea r), 
M aste r of S c ience , D o c to r o f Ph ilosophy.
F acu lty  o f th e  e n g in e e rin g  F ie ld  of N u c le a r E n g in e e r­
ing  s u p e rv is in g  th e  M .E ng. (N u c le a r) d e g re e : K. B. 
Cady, A. P. C a sare tt, D. D. C lark, C. D. G ates, FI. FI. 
F le ischm ann , B. S. Isacks , V. 0 .  K ostroun , C.-Y. Li, S. 
Linke, F K. M oore, M. S. N e lk in , J. S. Tho rp ,
R. L. Von Berg .
Facu lty  of th e  g ra d u a te  F ie ld  of N u c le a r S c ie n ce  and 
E n g in e e rin g  s u p e rv is in g  th e  M aste r o f S c ie n c e  and  
D o c to r of P h ilo so p h y  d e g re e s : th e  p e rso n s  lis te d  
a b o ve  and , in a d d it io n , R. M. L itta u e r a n d  G. FI. M or­
rison.
C o u rse s  o f in s tru c tio n  a re  lis ted  u n d e r A p p lie d  and  
E n g ine e ring  P h ys ics  on  pp . 7 1 -7 4 .
N u c le a r s c ie n c e  and  n u c le a r e n g in e e rin g  a re  c o n ­
c e rn e d  w ith  th e  u n d e rs ta n d in g , d e ve lo p m e n t, and  
p ra c tica l a p p lic a tio n  o f sc ie n tific  kn o w le d g e  o f nu­
c le a r re a c tio n s  a n d  rad ia tions .
The  p ro g ra m s  at C o rne ll a re  d e s ig n e d  to  a c c o m m o ­
d a te  s tu d e n ts  w h o  a re  in te re s te d  in n u c le a r p h ys ics , 
nu c le a r e n g in e e rin g , ra d ia tio n  p ro te c tio n , o r som e 
co m b in a tio n  o f these. S u b je c ts  in n u c le a r p h y s ic s  in ­
c lu d e  lo w -e n e rg y  n u c le a r s truc tu re , a to m ic  s tructu re , 
a n d  p h e n o m e n a  in vo lv in g  in te ra c tio n s  be tw e e n  n u ­
c le a r a n d  a to m ic  p ro ce sse s . N u c le a r e n g in e e rin g  in­
vo lve s  th e  b a s ic  sc ie n c e s  o f chem is try , p hys ics , and 
m a th e m a tics  in c o m b in a tio n  w ith  th e  sk ills  o f m e ta l­
lu rg ica l, ch e m ica l, c iv il, e le c tr ica l, and  m e ch a n ica l 
e n g in e e r in g — w ith  th e  goa l o f d e s ig n in g  safe, effi­
c ie n t n u c le a r e n e rg y  sys tem s. R ad ia tio n  p ro tec tion , 
nu c le a r safety, and  e n v iro n m e n ta l e ffe c ts  o f n u c lea r 
e n e rg y  u tiliza tion  c o n s titu te  a th ird  im p o rta n t a rea  of 
s tudy ; in a d d it io n  to  in c lu s io n  of these  to p ic s  in the 
re g u la r n u c le a r e n g in e e r in g  co u rse s , an u n d e r­
g ra d u a te  co u rse  IP 2 0 1 , N u c le a r E n e rg y  and  th e  E nv i­
ronm ent, is o ffe red , a n d  g ra d u a te  s tu d e n ts  have  the  
o p p o rtu n ity  to  ta ke  c o u rs e s  in ra d ia tio n  b io lo g y  ta u g h t 
in the  D e p a rtm e n t of P h ys ica l B iology.
The a im s of th e  C o rne ll p ro g ra m s  a re  to  p ro v id e  the 
s tu d e n t w ith  a th o ro u g h  u n d e rs ta n d in g  o f th e  s c ie n ­
tific  p r in c ip le s  u po n  w h ich  n u c le a r sys te m s are 
base d , to  d e ve lo p  th e  sk ills  o f a p p ly in g  these  p r in c i­
p le s  to  e n g in e e rin g  p ro b le m s, a n d  (in  the  M.S. and  
Ph.D. p ro g ra m s) to  d e v e lo p  re se a rch  ab ilities .
To im p le m e n t these  a im s, C o rne ll o ffe rs  th re e  
g ra d u a te  d e g re e s : a p ro fe ss io n a l d e g re e , M aste r of 
E n g in e e rin g  (N uc lea r), a d m in is te re d  b y  th e  E n g in e e r­
ing  Fie ld of N u c le a r E n g ine e ring , an d  tw o  re se a rch  
d eg ree s , M aste r of S c ie n ce  and  D o c to r o f Ph ilosophy, 
a d m in is te re d  by  th e  g ra d u a te  F ie ld  o f N u c le a r S c i­
en ce  an d  E ng ine e ring .
A p p ro p ria te  u n d e rg ra d u a te  p ro g ra m s  w h ich  c a n  lead 
to  g ra d u a te  s tu d y  in n u c le a r s c ie n c e  a n d  e n g in e e rin g  
are  p hys ics , e n g in e e rin g  ph ys ics , o r c iv il, c h e m ica l, 
e le c tr ica l, m e ch a n ica l, o r m a te ria ls  e n g in e e rin g , o r a
su ita b le  se t of c o u rs e s  in th e  C o lle g e  P rogram . S tu­
d e n ts  sh o u ld  s e le c t th e ir  te c h n ic a l e le c tiv e s  ca re fu lly  
to  en su re  tha t th e y  m eet th e  e n tra n c e  re q u ire m e n ts  
fo r th e  g ra d u a te  p ro g ra m  th e y  in ten d  to  enter.
Laboratory and Research Facilities
The W ard  L a b o ra to ry  o f N u c le a r E n g in e e rin g  c o n ­
ta ins: (1 ) A  TR IG A  re se a rch  re a c to r w ith  a s te a d y- 
s ta te  p o w e r o f 100 k ilow a tts  a n d  a p u ls in g  c a p a b ility  
o f 25 0  m e g a w a tts  p ro v id in g  s o u rc e s  of neu tro n s  and  
g a m m a  rays fo r a c tiva tio n  a na lys is , so lid  an d  liq u id  
s ta te  s tud ie s , an d  n u c le a r p h y s ic s  re se a rch . In a d d i­
tion  to  s ta n d a rd  p n e u m a tic  an d  m e c h a n ic a l tra n s fe r 
sys te m s fo r a c tiv a te d  sp e c im e n s , th e  re a c to r  is 
e q u ip p e d  w ith  a 50  m illise co n d  ra p id  tra n s fe r 
m e ch a n ism  in one  of th e  s ix  b e a m  ports ; (2) a c r itica l 
fa c il ity  o r “ ze ro  p o w e r re a c to r"  o f ve rsa tile  d e s ig n  fo r 
b a s ic  s tu d ie s  of re a c to r ph ys ics , su ch  as s p a c e  d e ­
p e n d e n t re a c to r  k in e tics  a n d  no ise  a n a lys is ; (3 ) a  3 
MV p o s itive - io n  a c c e le ra to r  fo r s tu d ie s  of ra d ia tio n  e f­
fe c ts  a n d  low  e n e rg y  n u c le a r re a c tio n s ; (4) a sh ie ld e d  
g a m m a  ce ll w ith  5 ,0 0 0  cu rie s  o f C o60 fo r rad ia tion  
ch e m is try  s tud ie s ; (5 ) a ra d io c h e m is try  la bo ra to ry ; 
and  (6) s u b c r it ic a l a sse m b lie s  fo r re a c to r p h y s ic s  
in ves tiga tions .
The Degree Programs
U n d e rg ra d u a te  S tudy
S tu d e n ts  a re  e n co u ra g e d  to  b e g in  sp e c ia liz a tio n  in 
n u c le a r s c ie n c e  an d  e n g in e e rin g  at th e  u n d e r­
g ra d u a te  level. Th is  ca n  be  d o n e  b y  c h o ic e  o f e le c ­
tive s  w ith in  re g u la r F ie ld  P ro g ra m s su ch  as e n g in e e r­
ing  p h ys ics , o r w ith in  th e  C o lle g e  P rog ram  b y  se le c ­
tion  o f a p p ro p ria te  c o u rs e s  w ith  th e  a p p ro v a l o f the  
C o lle g e  P rog ram  C om m ittee .
M ajo r in N u c le a r E n g in eerin g . A  s tu d e n t m a jo r in g  in 
n u c le a r e n g in e e rin g  u n d e r the  C o lle g e  P rog ram  
w o u ld  take  IP 201 , N u c le a r E n e rg y  an d  the  E n v iron ­
m ent, and  IP303, In tro d u c tio n  to  N u c le a r S c ience . 
A lso  re q u ire d  w o u ld  be  tw o  o f th e  fo llo w in g  co u rse s : 
IP612, N u c le a r R e a c to r T he o ry  I; IP651, N u c le a r 
M e a su re m e n ts  La b o ra to ry ; IP633, N u c le a r R e acto r 
E n g in e e rin g ; an d  IP609, Lo w -E n e rg y  N u c le a r 
P hysics.
C o lle g e  P ro g ra m  in E n erg y  C o n v e rs io n . This P ro­
g ra m  is a syn th e s is  o f nuc lear, the rm a l, an d  e le c tr ic a l 
e n g in e e r in g  a n d  is d e s c r ib e d  in th e  C o lle g e  P rogram  
se c tio n  of th is  A n n o u n c e m e n t (se e  p. 39).
M a s te r o f E n g in eerin g  (N u c lear)
This tw o -te rm  c u rric u lu m  is in te n d e d  p r im a rily  fo r in­
d iv id u a ls  w h o  w a n t a te rm in a l p ro fe ss io n a l deg ree , 
bu t it m ay a lso  se rve  as  p re p a ra tio n  fo r d o c to ra l 
s tu d y  in n u c le a r s c ie n c e  a n d  e n g in e e rin g . The  co u rse  
of s tu d y  co v e rs  the  b a s ic  p r in c ip le s  of n u c le a r re a c to r 
sys te m s w ith  a m a jo r e m p h a s is  on  re a c to r sa fe ty  and  
ra d ia tio n  p ro te c tio n  a n d  con tro l. T h e re  is a g ro w in g  
ne e d  in the  n u c le a r in d u s try  an d  th e  re g u la to ry  a g e n ­
c ie s  fo r e n g in e e rs  w h o  have  a th o ro u g h  kn o w le d g e  o f
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th e se  sa fe ty  p ro v is io n s  a n d  w h o  a re  a b le  to  a p p ly  it to  
th e  d e s ig n  o f re a c to r p la n ts  an d  a u x ilia ry  e q u ip m e n t 
an d  to  th e  im p le m e n ta tio n  of e n v iro n m e n ta l m o n ito r­
in g  sys tem s. R e q u ire d  c o u rs e s  in th e  M aste r o f En­
g in e e rin g  (N u c le a r) p ro g ra m  tre a t re a c to r sa fe ty  a n d  
ra d ia tio n  p ro te c tio n  an d  c o n tro l in de p th , an d  an  e le c ­
t ive  c o u rs e  in ra d ia tio n  b io lo g y  an d  an  e le c tiv e  se m i­
nar in p h ys ica l b io lo g y  a re  ava ilab le .
The  b a c k g ro u n d  re c o m m e n d e d  fo r  th e  M .E ng. (N u c ­
lea r) d e g re e  p ro g ra m  in c lu d e s : (1) a b a c c a la u re a te  
d e g re e  in e n g in e e rin g , ph ys ics , o r a p p lie d  sc ie n ce ; 
(2 ) m o d e rn  ph ys ics ; (3) m a th e m a tics , in c lu d in g  a d ­
v a n c e d  ca lcu lu s ; a n d  (4) th e rm o d yn a m ics .
S tu d e n ts  sh o u ld  see th a t th e y  fu lfill th e se  re q u ire ­
m en ts  b e fo re  b e g in n in g  th e  p ro g ra m . In som e  cases, 
d e fic ie n c ie s  in p re p a ra to ry  w o rk  m ay b e  m a d e  u p  b y  
in fo rm a l s tu d y  d u r in g  th e  p re c e d in g  sum m er.
T he in te rd is c ip lin a ry  na tu re  o f n u c le a r e n g in e e r in g  a l­
lo w s  s tu d e n ts  to  en te r from  a  va rie ty  o f u n d e r­
g ra d u a te  sp e c ia liza tio n s . O u r s tu d e n ts  in th e  pas t 
have  ha d  w id e ly  va ry in g  b a c k g ro u n d  p re p a ra tio n s  
in c lu d in g  ph ys ics , e n g in e e r in g  ph ys ics , m e ch a n ica l 
e n g in e e rin g , c h e m ic a l e n g in e e rin g , e le c tr ic a l en ­
g in e e rin g , c iv il e n g in e e rin g , m a te ria ls  s c ie n c e  an d  
e n g in e e rin g , and  n u c le a r e n g in e e rin g .
T he  th ir ty  c re d it  h o u rs  fo r th e  d e g re e  in c lu d e  th e  fo l­
lo w in g  cou rses :
F a ll te rm
IP612, N u c le a r R e a c to r T he o ry  I 
IP633, N u c le a r R e a c to r E n g in e e rin g  
IP609, Lo w -E n e rg y  N u c le a r P h ys ics  
Tech n ica l e le c tive
S p rin g  te rm
IP651, N u c le a r M e a su re m e n ts  L a b o ra to ry  
Tech n ica l e le c tive  
E n g in e e rin g  D e s ign  P ro jec t 
M a th e m a tics  o r p h y s ic s  e le c tive
T he  e n g in e e rin g  e le c tiv e s  sh o u ld  b e  in a s u b je c t a rea  
re leva n t to  n u c le a r e n g in e e rin g , su ch  as  e n e rg y  c o n ­
ve rs ion , rad ia tion  p ro te c tio n  a n d  co n tro l, fe e d -b a c k  
c o n tro l sys tem s, m a g n e to h y d ro d y n a m ic s , co n tro lle d  
th e rm o n u c le a r fus ion , an d  e n v iro n m e n ta l e n g in e e r­
ing . T yp ica l e x a m p le s  o f c o u rs e s  th a t m ig h t b e  c h o ­
sen  b y  M a s te r o f E n g ine e ring  (N u c le a r) d e g re e  c a n ­
d id a te s  are: P h ys ica l B io lo g y  922 , B io lo g ica l E ffects  
o f R ad ia tion ; IM P 655, E n e rg y  C o nve rs ion ; IM H 651, 
C o n ve c tio n  H e a t T ransfer; IEE681, In tro d u c tio n  to  
P lasm a P hysics; IEE682, A d v a n c e d  P lasm a P hysics; 
IM A 621, In tro d u c to ry  P lasm a P hys ics ; IM A 622, In tro ­
d u c to ry  M a g n e to h y d ro d y n a m ic s ; a n d  IEE671 - 6 7 2 ,  
F e e d b a ck  C o n tro l S ystem s.
A d m iss io n  an d  sch o la rs h ip  a p p lic a tio n  fo rm s  m ay b e  
o b ta in e d  b y  w ritin g  to  th e  O ffice  o f th e  C ha irm a n , 
G ra d u a te  P ro fess io na l E n g in e e rin g  P rog ram s, 32 3  
U p son  Hall. F u rther in fo rm a tion  on  th e  n u c le a r s c i­
e n c e  a n d  e n g in e e rin g  p ro fe ss io n a l p ro g ra m  m a y  be 
o b ta in e d  by  w ritin g  to  th e  W ard L a b o ra to ry  of N u c le a r 
E ng ine e ring .
M aster o f S c ie n c e  and  D o c to r o f P h ilo so p h y
The M.S. and  Ph.D . p ro g ra m s  a re  o r ie n te d  to w a rd  re ­
sea rch , and  re q u ire  co m p le tio n  o f a th e s is  as w e ll as
c o u rs e  w o rk . A  c a n d id a te  fo r on e  o f th e s e  d e g re e s  
ch o o se s  e ith e r n u c le a r  s c ie n c e  o r n u c le a r e n g in e e r­
in g  as  h is  o r he r m a jo r su b je c t, b u t b e c a u s e  e a ch  
s tu d e n t p la n s  an  in d iv id u a l p ro g ra m  in co n su lta tio n  
w ith  the  fa c u lty  m e m b e rs  o f th e  S p e c ia l C o m m itte e , 
th e re  a re  no  d e ta ile d  c o u rs e  re q u ire m e n ts . Th is  a p ­
p ro a ch , lo ng  a tra d it io n  o f g ra d u a te  s tu d y  a t C o rne ll, 
is w e ll s u ite d  to  in te rd is c ip lin a ry  f ie ld s  s u ch  as  nu ­
c le a r s c ie n c e  a n d  e n g in e e rin g . In d e p e n d e n t th e s is  
re se a rch  a long  w ith  fo rm a l a n d  in fo rm a l d is c u s s io n s  
w ith  s ta ff m e m b e rs  a n d  o th e r s tu d e n ts  is  a v ita l pa rt 
o f th e  p ro g ra m .
If a  s tu d e n t c h o se s  n u c le a r  s c ie n c e  as  h is  o r her 
m a jo r su b je c t, th e s is  re se a rch  m a y  be  u n d e rta ke n  in 
a n y  o f th e  fo llo w in g  a reas: n u c le a r s tru c tu re  p hys ics , 
a to m ic  p h y s ic s  a n d  x -ra y  p h e n o m e n a , n u c le a r a s ­
tro p h y s ic s , n u c le a r chem is try , n u c le a r in s tru m e n ta ­
tion , ra d ia tio n  chem is try , an d  ra d ia tio n  e ffe c ts  on  
m a te ria ls . If a  s tu d e n t s e le c ts  n u c le a r  e n g in e e rin g ,  
the  fo llo w in g  a re a s  a re  p o ss ib le : e x p e rim e n ta l a n d  
a n a ly tica l re a c to r  ph ys ics , re a c to r  p la n t d y n a m ic s  
a n d  safety, ra d ia tio n  p ro te c tio n  an d  co n tro l, neu tron  
tra n s p o rt th e o ry  a n d  k in e tic  theory, n u c le a r e n e rg y  
co n ve rs io n , n u c le a r e n v iro n m e n ta l e n g in e e r in g , and  
n u c le a r s tru c tu ra l e n g in e e rin g .
T he  a p p ro p ria te  p re p a ra tio n  fo r g ra d u a te  w o rk  in 
th e se  p ro g ra m s  is  an  u n d e rg ra d u a te  e d u c a tio n  in 
sc ie n ce , a p p lie d  sc ie n ce , o r e n g in e e rin g , w ith  sp e c ia l 
e m p h a s is  on  m a th e m a tic s  a n d  m o d e rn  ph ys ics .
A d d it io n a l in fo rm a tio n  on  th e  M .S. a n d  Ph.D . p ro ­
g ra m s  is a v a ila b le  in th e  A n n o u n c e m e n t o f  the  
G ra d u a te  S ch oo l,  a n d  th e  A n n o u n ce m e n t, G ra d u a te  
S tu d y  in  E n g in e e rin g  a n d  A p p lie d  S c ie n c e  (see  p. 4). 
Furthe r in fo rm a tion  m ay be  o b ta in e d  fro m  th e  o ffice  o f 
th e  G ra d u a te  F a cu lty  R e p re se n ta tive  (N u c le a r S c i­
e n c e  an d  E n g in e e rin g ), W ard  L a b o ra to ry  o f N u c le a r 
E n g in e e rin g .
O perations Research
U p son  Hall
D e g re e s  O ffe re d : M as te r o f S c ience , D o c to r o f 
P h ilosophy. The S ch o o l o f In d u s tria l E n g in e e rin g  a n d  
O p e ra tio n s  R e se a rch  a d m in is te rs  th e  u n d e rg ra d u a te  
p ro g ra m  in In d u s tria l E n g in e e rin g  an d  O p e ra tio n s  
R e sea rch  an d  th e  M as te r o f E n g in e e rin g  ( In d u s tr ia l)  
d e g re e  p ro g ra m  (see  pp . 4 8 -5 2 ) .
R. E. B e chho fe r, ch a irm a n , L. J. B ille ra , E. K. C le ­
m ons, R. W. C onw ay, J. E. D enn is , Jr., D. R. Fu lke r­
son , D. C . H ea th , J. C . K iefer, W. F Luca s, W. R. Lynn, 
W. L. M axw e ll, J. A . M u c k s ta d t, G. L. N em hauser,
N. U. P rabh u , T  J. Santner, B. W. S a u n d e rs , A. 
S ch u ltz , Jr., F L. Sp itzer, M. S. T aqqu , H. M. Taylor,
3d ., M. J. Todd, L. E. T ro tte r Jr., B. W  Turnbu ll, L. I. 
W eiss.
C o u rse s  of in s tru c tio n  a re  lis te d  on  pp . 1 0 4 -1 0 9 .
The F ie ld  o f O p e ra tio n s  R e sea rch  o ffe rs  d o c to ra l 
p ro g ra m s  in the  m a jo r a re a s  o f o p e ra tio n s  re se a rch , 
a p p lie d  p ro b a b ility  a n d  s ta tis tics , sys te m s a n a lys is  
a n d  d e s ig n , an d  in d u s tria l e n g in e e r in g . M aste r of 
S c ie n c e  p ro g ra m s  a re  o ffe red  in all th e  a b o ve  areas,
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a n d  in in fo rm a tion  p ro ce ss in g . It is e x p e c te d  tha t 
d o c to ra l p ro g ra m s  w ith  m a jo rs  in th e  a re a s  o f in fo r­
m ation  p ro c e s s in g  an d  m a th e m a tica l p ro g ra m m in g  
w ill be  a va ila b le  in the  near fu ture. In a d d it io n , the  
a re a s  o f sys tem s a n a lys is  a n d  d e s ig n  an d  o f in d u s ­
tria l e n g in e e rin g  w ill be  c o m b in e d  in to  th e  m a jo r a rea  
o f in d u s tria l a n d  sys te m s e n g in e e rin g .
A ge n e ra l d e s c r ip tio n  o f th e  cu rre n t m a jo r a re a s  is 
g ive n  below.
O p e ra tio n s  R esearch
The p ro b le m  a re a s  a n d  te c h n iq u e s  o f o p e ra tio n s  re ­
se a rc h  a re  a p p ro a c h e d  from  a h ig h ly  a n a ly tica l v ie w ­
po in t. T he o ries  and  te c h n iq u e s  from  m a th e m a tica l 
p ro g ra m m in g  (linear, non linear, d yn a m ic , a n d  p ro b ­
ab ilis tic ), co m b in a to ric s , th e o ry  o f gam es , s to ch a s tic  
p ro ce sse s , an d  s c h e d u lin g  a n d  s im u la tion  are  d e ­
v e lo p e d  a n d  used  ex tensive ly . C o n s id e ra tio n  is g iven  
to  co n s tru c tin g  a p p ro p ria te  m a th e m a tica l m o d e ls  to  
rep re se n t va riou s  re a l-life  o p e ra tio n a l sys tem s, and  to  
d e v e lo p in g  te c h n iq u e s  fo r a n a lyz in g  th e  p e rfo rm a n ce  
o f th e se  m odels .
The o p e ra tio n s  re se a rch  s tu d e n t p u rsu e s  a c o u rs e  of 
s tu d y  and  rese a rch  tha t e m p h a s ize s  th e  use o f the 
m a th em a tica l, p ro b a b ilis tic , s ta tis tica l, and  c o m p u ta ­
tiona l s c ie n c e s  in the  d e ve lo p m e n t o f th e  te c h n iq u e s  
o f o p e ra tio n s  re se a rch . The s tu d e n t’s u ltim a te  goa l 
m ay ra n g e  from  m a k in g  a fu n d a m e n ta l co n tr ib u tio n  to 
the  te c h n iq u e s  o f o p e ra tio n s  re se a rch  to  a p p ly in g  
these  te c h n iq u e s  to  p ro b le m s  in d ive rse  p ro fe ss io n a l 
fie lds.
A p p lied  P ro b ab ility  and  S ta tis tics
This s u b je c t of s tu d y  a n d  rese a rch  is  d e s ig n e d  fo r 
s tu d e n ts  hav ing  p r im a ry  in te re s ts  in th e  te c h n iq u e s  
and  a sso c ia te d  u n d e rly in g  th e o ry  of p ro b a b ility  and  
s ta tis tics , p a rtic u la rly  as  th e y  a re  a p p lie d  to  p ro b le m s  
a ris ing  in s c ie n c e  a n d  e n g in e e rin g . T he  te c h n iq u e s  
e m p h a s ize d  a re  those  a sso c ia te d  w ith  a p p lie d  
s to ch a s tic  p ro c e s s e s  (fo r exam p le , q u e u in g  theory, 
tra ffic  theory, in ve n to ry  theory, an d  tim e -se rie s  
ana lys is ) a n d  s ta tis tic s  ( in c lu d in g  s ta tis tica l d e c is io n  
theo ry ; th e  s ta tis tica l a s p e c ts  o f th e  d e s ig n , ana lys is , 
an d  in te rp re ta tio n  of e xp e rim e n ts , an d  of rank in g  and  
se le c tio n  theory ; s a m p lin g  in sp e c tio n ; a n d  a c c e p ­
ta n c e  s a m p lin g ).
S tuden ts  w h o  e le c t w o rk  in th is  a re a  a re  e x p e c te d  to 
a c q u ire  co n s id e ra b le  kn o w le d g e  of th e  th e o ry  of 
p ro b a b ility  a n d  s ta tis tics . A ll s tu d e n ts  w h o  m a jo r in 
a p p lie d  p ro b a b ility  a n d  s ta tis tic s  a re  re q u ire d  to 
m ino r in m a th em a tics .
S y ste m s A n a ly s is  and  D esig n
A lth o u g h  th e  so lu tion  of sys tem s p ro b le m s  re q u ire s  
kn o w le d g e  of u n d e rly in g  theory, the  in he ren t p ra c tica l 
lim ita tions  o f the  p ro b le m  m ust b e  und e rs to o d . 
A n a lys is  of a  sys tem  a lone  is  insuffic ien t; a lte rn a tive  
so lu tions  m us t b e  g e n e ra te d  b e fo re  se le c tio n  o f the 
one w h ich  ca n  b e s t b e  in te g ra te d  w ith  o the r e le m e n ts  
of th e  system . M o d e lin g  c o n c e p ts  a re  e q u a lly  im p o r­
tan t, b u t on ly  w h e n  th e y  ca n  p ro d u c e  w o rk a b le  s ys ­
tem s. Illu s tra tions  of th e  d e s ig n  o f in te g ra te d  sys tem s
c a n  b e  fo u n d  in industry, the  e nv iro nm e n t, com m e rce , 
and  g o ve rn m e n t. A  g o o d  e xa m p le  is the  d e s ig n  of 
u rb a n  tra ffic  con tro l sys tem s. R e sea rch  a c tiv ity  m ay 
in vo lve  th e  d e v e lo p m e n t o f n e w  m e th o d o lo g y  o r the  
s y n th e s iz in g  o f new  c o m b in a tio n s  from  w h a t is a l­
re a d y  know n. The  goa l is to  im p ro ve  th e  u n d e rs ta n d ­
ing o f s ys te m s  o r to  d e v e lo p  n e w  d e c is io n  c r ite r ia  for 
system s.
In d u s tria l E n g in eerin g
S tu d ie s  o f th e  a n a lys is  a n d  d e s ig n  of th e  c o m p le x  
o p e ra tio n a l sys te m s th a t o c c u r  in industry , p a r tic u la rly  
in m a n u fa c tu rin g , a re  in c lu d e d  in th is  su b je c t. P lant 
d e s ig n , co s t a n a lys is  an d  con tro l, an d  p ro d u c tio n  
p la n n in g  a re  som e  of th e  m a jo r to p ic s . A s tu d e n t is 
e x p e c te d  to  h ave  c o n s id e ra b le  fa c il ity  in th e  m o d e rn  
a n a ly tica l te c h n iq u e s  a sso c ia te d  w ith  ra tiona l d e c i­
s io n  m a k in g  a n d  th e  e s ta b lis h m e n t o f v a lid  d e s ig n  
c r ite ria . The se  te c h n iq u e s  a re  d ra w n  from  a m o n g  in ­
ve n to ry  theory, q u e u in g  theory, m a th e m a tica l p ro ­
g ra m m in g , q u a lity  co n tro l, re lia b ility  theory, a n d  c o m ­
pu te r s im u la tion .
B e ca u se  th e  d e s ig n  a n d  o p e ra tio n  o f m o d e rn  e n ­
g in e e r in g  sys te m s a p p ly  to  a reas  o th e r than  m a n u fa c ­
tu rin g , the  use o f th e  w o rd  “ in d u s tr ia l"  sh o u ld  no t be  
c o n s id e re d  res tric tive . In d u s tria l e n g in e e rs  fre q u e n tly  
a re  e m p lo y e d  as sys te m s s p e c ia lis ts  in co m m e rce , 
b a n k in g , d is tr ib u tio n , m e rc h a n d is in g , a n d  h osp ita l 
m ana g e m e n t.
In fo rm atio n  P ro c ess in g
In fo rm a tion  p ro c e s s in g  d e a ls  w ith  th e  a n a lys is  and  
d e s ig n  of sys tem s th a t re co rd , tran sm it, s tore , and  
p ro c e s s  in fo rm a tion . E m pha s is  is on  th e  a p p lic a tio n  
a n d  in te g ra tio n  o f e q u ip m e n t ra th e r than  on  th e  d e ­
s ig n  o f m ach in es . A re a s  o f in te res t in c lu d e  sys tem s 
fo r in fo rm a tion  re trieva l, m a n u fa c tu rin g  co n tro l, an d  
tra ffic  co n tro l. Th is  s u b je c t a lso  in c lu d e s  su ch  u n d e r­
ly in g  th e o re tica l to p ic s  as  d a ta  s truc tu re , o p e ra tin g  
sys te m  o rg a n iza tio n , and  c o m p u tin g  la n g u a g e  
structu re .
The p r in c ip a l c o m p u tin g  fa c il ity  a t C o rne ll is  an  IBM  
3 70 /168 , lo c a te d  in L a n g m u ir L a b o ra to ry  a t th e  C o r­
nell R e sea rch  Park on  th e  p e r ip h e ry  o f th e  c a m p u s  
a n d  d ire c t ly  lin ke d  to  sa te llite  co m p u te rs  at five  
d iffe ren t c a m p u s  lo ca tio n s . T he  C o lle g e  of E n g in e e r­
ing is  se rve d  th ro u g h  on e  of th e se  sa te llite  s ta tions  in 
U p so n  Hall, as w e ll as b y  a n u m b e r o f te le typ e w rite r 
te rm in a ls  in d iffe ren t lo ca tions . T he re  a re  m ore  than  a 
s c o re  o f o th e r c o m p u te r in s ta lla tio n s  o n  th e  c a m p u s , 
ra n g in g  u p  to  a P D P -11. These  a re  s p e c ia l-p u rp o s e  
in s ta lla tio ns  a n d  a c c e s s  is usua lly  re s tr ic te d .
The Degree Programs
M aster o f S c ie n c e  and  D o cto r o f P h ilo so p h y
T h e se  d e g re e  p ro g ra m s , a d m in is te re d  b y  th e  
G ra d u a te  S ch o o l o f th e  U n iversity, a re  d e s c r ib e d  in 
the  A n n o u n c e m e n t o f  the  G ra d u a te  S choo l.
M ajo r an d  m ino r s u b je c ts  a re  c h o se n  from  those  
a re a s  o u tlin e d  above . M ino rs  ca n  a lso  b e  su b je c ts  o f­
fe re d  b y  o th e r un its  of th e  U n ive rs ity ; a p p ro p ria te
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m ino rs  tha t h ave  b ee n  ch o se n  m ost fre q u e n tly  in re ­
c e n t years, and  th e  d e p a rtm e n ts  o r s c h o o ls  w h ich  
o ffe r c o u rs e s  o f s tu d y  in  them  are: a p p lie d  m a th e m a ­
t ic s  (A p p lie d  M a th e m a tics ), c o m p u te r s c ie n c e  (C o m ­
pu te r S c ie n ce ), e c o n o m e tr ic s  a n d  e c o n o m ic  s ta tis tics  
(E co n o m ics ), p u b lic  sys te m s  p la n n in g  an d  a na lys is  
(C iv il a n d  E n v ironm en ta l E n g ine e ring ), m a n age ria l 
e co n o m ic s  (B us iness  a n d  P u b lic  A d m in is tra tio n ), 
m a th e m a tics  (M a th e m a tics ), a n d  p la n n in g  th e o ry  and  
sys te m s  a n a lys is  (C ity  an d  R e g ion a l P lann ing).
A  p re re q u is ite  fo r g ra d u a te  s tu d y  in th e  F ie ld  o f O p ­
e ra tio n s  R e sea rch  is a  b a c h e lo r 's  d e g re e  in e n g in e e r­
in g , m a th e m a tics , e c o n o m ic s , o r the  p h y s ic a l s c i­
en ce s , a w a rd e d  b y  an  in s titu tio n  o f re c o g n iz e d  s ta n d ­
in g . T he  c a n d id a te  m ust have  a  c o m m e n d a b le  u n ­
d e rg ra d u a te  s c h o la s tic  re co rd  an d  m ust s u p p ly  o the r 
e v id e n c e  o f an  in te res t in an d  a b ility  to  p u rs u e  a d ­
v a n c e d  s tu d y  a n d  re se a rch  in h is  o r he r p ro p o s e d  
m a jo r a n d  m in o r su b je c ts . S u b m iss io n  o f th e  resu lts  
o f th e  G ra d u a te  R e co rd  E xa m ina tion  is  s tro n g ly  re c ­
o m m e n d e d  fo r all a p p lic a n ts  a n d  is re q u ire d  fo r fe l­
lo w sh ip  a n d  a ss is ta n tsh ip  a p p lic a n ts .
Further in fo rm a tion  m ay b e  o b ta in e d  b y  w r itin g  to  the  
G ra d u a te  F a cu lty  R e p re se n ta tive  (O p e ra tio n s  R e­
s e a rch ), U p so n  Flail.
Structural Engineering
See p. 36.
Theoretical and A pp lied  
M echanics
T hu rs ton  Flail
D e g re e s  O ffe re d : M as te r o f E n g in e e rin g  (E n g in e e rin g  
M e ch a n ics ), M aste r o f S c ience , D o c to r o f Ph ilosophy.
Y.-H . Pao, ch a irm a n ; H. D. B lock , J. A. B u rns, FI. D. 
C onw ay, E. T. C ra n ch , J. C. D unn , J. T. Jenk ins , R. FI. 
L ance , S. A. Levin , G. S. S. L u d fo rd , F C. M oon,
S. M ukherjee , R. H. R and, W. H. Sachse.
C o u rse s  o f in s tru c tio n  a re  lis te d  on  pp . 1 2 0 -1 2 3 .
The  D e p a rtm e n t o f T h e o re tica l a n d  A p p lie d  
M e c h a n ic s  is  re sp o n s ib le  fo r u n d e rg ra d u a te  and  
g ra d u a te  in s tru c tio n  a n d  re se a rch  in th e o re tica l a n d  
a p p lie d  m e c h a n ic s  a n d  a p p lie d  m a th e m a tics . The 
s u b je c t m a tte r in th e se  a re a s  is  o f a fu n d a m e n ta l na ­
ture , an d  th e  u n d e rg ra d u a te  c o u rs e s  p ro v id e  a s u b ­
s tan tia l p a rt o f th e  b a s ic  e n g in e e r in g  s c ie n c e  e d u c a ­
tion  fo r e n g in e e r in g  s tu d e n ts . In a d d it io n  to  th e  re ­
q u ire d  c o re  c o u rse s , the  u n d e rg ra d u a te  ca n  e le c t 
a d v a n c e d  c o u rs e s  w h ich  a re  e s p e c ia lly  su ite d  to  s tu ­
d e n ts  w h o  have  d e m o n s tra te d  s u p e rio r  a n a ly tica l or 
e xp e rim e n ta l a b ility  an d  w h o  w ish  to  e x te n d  a n d  d e ­
ve lo p  th is  ability. The D e p a rtm e n t o ffe rs  u n d e r­
g ra d u a te  p ro g ra m s  in in d iv id u a liz e d  m a jo r and  m ino r 
s u b je c ts  th ro u g h  th e  C o lle g e  P ro g ra m  d e s c r ib e d  
b e lo w  a n d  on  p. 38.
The Degree Programs
T h e  U n d e rg ra d u a te  C o lle g e  P rog ram
T he  D e p a rtm e n t s p o n so rs  an u n d e rg ra d u a te  C o lle g e  
P ro g ra m  in e n g in e e r in g  s c ie n c e  th a t has a sc ie n c e - 
b a se d  c u rr ic u lu m  fle x ib le  e n o u g h  to  b e  a d a p te d  to 
sp e c ia l o r d e v e lo p in g  in te res ts . It is d e s ig n e d  fo r e n ­
g in e e rin g  s tu d e n ts  w h o  w a n t to  e m p h a s iz e  b a s ic  en ­
g in e e r in g  sc ie n ce s ; w h o  w a n t f le x ib ility  in th e ir  un ­
d e rg ra d u a te  cu rric u la ; w h o se  in te re s ts  a re  no t re ­
f le c te d  b y  any  o f th e  m a jo r e n g in e e r in g  d is c ip lin e s ; o r 
w h o  w a n t to  p o s tp o n e  sp e c ia liza tio n .
T h e re  a re  g e n e ra l g u id e lin e s  fo r th e  c u rr ic u lu m  g iv in g  
b ro a d  c o u rs e  a re a s  o f e n g in e e r in g  s c ie n c e  w h ich  
m us t b e  ta ke n , b u t no  s p e c ific  p re s c r ib e d  c o u rs e s  
b e y o n d  th o se  re q u ire d  o f all e n g in e e r in g  s tu d e n ts  
d u r in g  th e ir  firs t tw o  ye a rs  in th e  D iv is ion  o f B a s ic  
S tud ies . T he  id e a  is  to  d e v e lo p  a so lid  u n d e rs ta n d in g  
of th e  b a s ic  s c ie n c e  b e h in d  all e n g in e e r in g , an d  to  
su p p le m e n t th is  w ith  s tu d y  in a p a rt ic u la r  a rea , such  
as  astronom y, a p p lie d  m a th e m a tics , p h ys ics , c h e m is ­
try, o r  b io log y . A  ty p ic a l p ro g ra m  is  show n  o n  p. 41.
A n y  fa c u lty  m e m b e r o f th e  D e p a rtm e n t o f T he o re tica l 
a n d  A p p lie d  M e c h a n ic s  ca n  s p o n s o r an  in d iv id u a l 
s tu d e n t w h o  w ish e s  to  p la n  a  C o lle g e  P rog ram  in en ­
g in e e r in g  sc ie n ce . T he  c h o ic e  o f p a rt ic u la r  c o u rs e s  is 
b a s e d  on  th e  e d u c a tio n a l g o a ls  o f th e  s tu d e n t, a n d  is 
m a d e  jo in tly  b y  th e  s tu d e n t an d  h is  o r he r adviser.
It sh o u ld  b e  n o te d  th a t th is  is  a C o lle g e -a p p ro v e d  
c u rric u lu m  e q u iv a le n t to  a  F ie ld  P rog ram . It p ro v id e s  
th e  o p p o rtu n ity  fo r  c h o ic e  of p ro fe ss io n a l s p e c ia liz a ­
tion  w ith in  a  so u n d , s c ie n c e -b a s e d  c u rric u lu m , a n d  it 
o ffe rs  m a x im u m  f le x ib ility  in cu rric u lu m . F u rthe r in fo r­
m a tio n  m ay b e  o b ta in e d  from  fa c u lty  m e m b e rs  o f the  
D e pa rtm en t.
M a s te r o f E n g in e e rin g  (E n g in e e rin g  M ec h a n ic s )
S tu d e n ts  in te re s te d  in a d v a n c e d  s tu d y  in m e c h a n ic s  
w h o  in te n d  to  e m p h a s iz e  e n g in e e r in g  p ra c t ic e  ra ther 
th a n  te a c h in g  o r re se a rch  m ay a p p ly  fo r a d m iss io n  to  
th e  M .E ng. (E n g in e e r in g  M e c h a n ic s )  d e g re e  p ro ­
g ra m . T h is  c o u rs e  o f s tu d y  is  d e s ig n e d  to  a llo w  the  
s tu d e n t to  m a s te r a d v a n c e d  to p ic s  in m e c h a n ic s  and , 
at th e  sa m e  tim e, to  d e v e lo p  fa c il ity  in a p p ly in g  fu n ­
d a m e n ta l c o n c e p ts  in m e c h a n ic s  to  m o d e rn  e n ­
g in e e r in g  p ro b le m s . N o  fo rm a l th e s is  is re q u ire d  fo r 
th is  d e g re e ; how ever, th e  s tu d e n t is re q u ire d  to  c a rry  
o u t an in d iv id u a l p ro je c t, e ithe r a n a ly tica l o r e x p e ri­
m enta l in nature, u n d e r th e  s u p e rv is io n  o f a fa c u lty  
m em ber.
A d m is s io n  re q u ire m e n ts  are : (1 ) a b a c c a la u re a te  d e ­
g re e  in e n g in e e r in g  o r a p p lie d  sc ie n c e ; a n d  (2) a 
c u m u la tiv e  g ra d e -p o in t a v e ra g e  o f a t le a s t 2 .5  in the  
u n d e rg ra d u a te  c u rr ic u lu m . U n d e rg ra d u a te  p ro g ra m s  
o f n o n -C o rn e llia n s  m ust, in th e  ju d g m e n t o f fa c u lty  
m e m b e rs  in th e  fie ld , p ro v id e  a d e q u a te  p re p a ra tio n  in 
m e ch a n ics .
D e g re e  re q u ire m e n ts  are : (1) c o m p le tio n  o f a 
m in im um  o f th re e  c re d it  hou rs  o f w o rk  on  an  in d i­
v id u a l p ro je c t u n d e r th e  d ire c tio n  of a  fa c u lty  
m e m b e r; (2) s a tis fa c to ry  c o m p le tio n  o f s ix  c re d it 
hou rs  o f c o u rs e  w o rk  in m a th e m a tics  o r a p p lie d
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m a th e m a tics  (w h ich  m ay  be  sa tis fied  b y  th e  T h e o re ti­
ca l an d  A p p lie d  M e c h a n ic s  c o u rs e  se q u e n c e  
IA A 68 0 -6 81  o r the  eq u iva le n t); a n d  (3) co u rse s  in or 
re la tin g  to  th e o re tica l a n d  a p p lie d  m e ch a n ics , 
s e le c te d  in c o n su lta tio n  w ith  the  s tu d e n t's  a d v ise r 
from  those  o ffe red  at th e  g ra d u a te  level, to  b r in g  the  
to ta l c re d it hou rs  to  at le as t thirty.
A  g e n e ra l d e s c r ip tio n  of th e  M aste r of E n g ine e ring  
d e g re e  is g ive n  on  p. 13. Further in fo rm a tion  m ay b e  
o b ta in e d  from  m e m b e rs  o f th e  D e p a rtm e n t.
M a s te r o f S c ie n c e  and  D o cto r o f P h ilo so p h y
T hese  re s e a rch -o rie n te d  d e g re e s , a d m in is te re d  by 
th e  G ra d u a te  S ch oo l o f th e  U n iversity, re q u ire  s u b ­
m iss ion  o f a thes is . A  d e s c r ip tio n  is g ive n  in th e  A n ­
n o u n c e m e n t o f  th e  G ra d u a te  S ch o o l (see  p. 4). A  
s p e c ia l A n n o u n ce m e n t, G ra d u a te  S tudy  in  E n g in e e r­
in g  a n d  A p p lie d  S c ience , in c lu d e s  a  m ore  d e ta ile d  
d e s c r ip tio n  o f the  F ie ld  o f T h e o re tica l and  A p p lie d  
M echan ics .
The g ra d u a te  p ro g ra m  in m e c h a n ic s  and  a p p lie d  
m a th e m a tics  e m p h a s iz e s  fu n d a m e n ta l u n d e rs ta n d in g  
o f th e  n e w e s t d e ve lo p m e n ts  in e n g in e e rin g  and  
a p p lie d  sc ie n ce . The  b a s ic  na tu re  o f th e  s tu d ie s  e n ­
c o u ra g e s  re se a rch  tha t c u ts  a c ro s s  a n d  e x te n d s  va r­
io us  tra d it io n a l e n g in e e r in g  fie ld s  a n d  e n su re s  tha t 
th e  s p e c ia lis t w ill find  m any  o p p o rtu n itie s  to w o rk , 
e ith e r in in d u s try  o r in a c a d e m ic  in s titu tio ns , on  a d ­
v a n c e d  e n g in e e rin g  p ro je c ts  fo r w h ich  co n ve n tio n a l 
tra in in g  is o ften  in a d e q u a te .
G ra d u a te  s tu d e n ts  m ay p u rs u e  p ro g ra m s  in vo lv ing  
th e o re tica l o r e xp e rim e n ta l w o rk  in th e  fo llo w in g  a reas  
o f sp e c ia liza tio n .
1. S p a c e  m e ch a n ics , in c lu d in g  re se a rch  o n  o rb its  of 
sa te llites ; the  d y n a m ics  o f so la r sys tem  b o d ie s ; a p ­
p lic a tio n s  o f fu n c tio n a l a n a lys is  to  o p tim a l c o n tro l 
theory.
2. A c o u s tic  a n d  e la s tic  w a ves; w a ve s  in la ye re d  
m ed ia ; s ca tte r in g  of e la s tic  w a ve s  a n d  d yn a m ic  
s tress  co n ce n tra tio n s ; w a ve s  in c o m p o s ite  m ate ria ls .
3. S tru c tu ra l m e c h a n ic s , in c lu d in g  th e  m e c h a n ic s  of 
c o m p o s ite  m a te ria ls , an d  o f s ta tic  a n d  d y n a m ic  lo a d ­
in gs ; linea r and  n o n lin e a r v ib ra tio n s  and  b u ck lin g .
4. T he o ry  o f e las tic ity , ine las tic ity , an d  p las tic ity , in ­
c lu d in g  th e  e ffe c ts  of h ig h -te m p e ra tu re  e nv iro nm e n t.
5. E xp e rim e n ta l m e ch a n ics , in c lu d in g  linea r an d  no n ­
linea r v ib ra tio n s , w a ve  p ro p a g a tio n  a n d  d a m p in g  
m e a su re m e n ts  in so lid s , m e c h a n ic a l b e h a v io r of 
c o m p o s ite  m a te ria ls , m a g n e to e la s tic ity , u ltra so n ics , 
a n d  n o n d e s tru c tiv e  te s tin g  o f m a te ria ls .
6. C o n tinuum  m e ch a n ics : n o n lin ea r e la s tic ity  and  
th e rm o e la s tic ify ; n o n lin e a r v is c o e la s tic ity  o f so lid s  
a n d  flu ids ; co n tin u u m  th e o rie s  o f s tru c tu re d  so lids  
a n d  flu ids .
7. B io m e ch a n ics  a n d  b io n ics ; a rtific ia l in te llig e n c e  
a n d  robo ts ; p a tte rn  c la ss if ica tio n ; b io d y n a m ic s .
8. T h e o re tica l flu id  m e c h a n ic s  an d  re la te d  a p p lie d  
m a th em a tics , w ith  re se a rch  in d yn a m ics , m a g ­
n e to h yd ro d yn a m ics , an d  c o m b u s tio n .
The f le x ib ility  o f th e  g ra d u a te  s tu d y  p ro g ra m s  a t C o r­
nell p e rm its  s tu d e n ts  to  d ra w  on  seve ra l d iv is io n s  of 
th e  U n ive rs ity  fo r  su p p o rtin g  w o rk  in p u re  a n d  a p p lie d  
sc ie n c e . G ra d u a te  s tu d e n ts  in te re s te d  p r im a rily  in 
th e o re tic a l a n d  a p p lie d  m e c h a n ic s  an d  a p p lie d  
m a th e m a tics  fin d  th e se  s u p p o rtin g  fie ld s  o f in te rest: 
m a th e m a tics , s tru c tu re s , a p p lie d  p h y s ic s , m e c h a n i­
ca l a n d  a e ro s p a c e  e n g in e e rin g , so il m e ch a n ics , and  
ph ys ics .
A d d it io n a l in fo rm a tion  m ay be  o b ta in e d  by  w ritin g  to 
the  G ra d u a te  F a cu lty  R e p re se n ta tive  (T h e o re tica l and  
A p p lie d  M e ch a n ics ), T hu rs ton  Flail.
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The  p u rp o s e  o f th e  in te rd is c ip lin a ry  P rog ram  on  S c i­
e n ce , Techno logy, an d  S o c ie ty  is to  s tim u la te  a n d  in ­
itia te  te a c h in g  an d  re se a rch  on  th e  in te ra c tio n  o f s c i­
e n c e  a n d  te c h n o lo g y  w ith  c o n te m p o ra ry  soc ie ty , and  
to  p ro v id e  c o h e re n c e  an d  s u p p o rt fo r c u rre n t U n ive r­
s ity  a c tiv itie s  in th is  area. S tu d e n ts  a n d  fa c u lty  from  
a ll p a r ts  o f th e  U n ive rs ity  a re  w e lc o m e  to  p a rt ic ip a te  
in th e  P ro g ra m 's  ac tiv ities .
T op ics  o f co n c e rn  to  the  P rog ram  in c lu d e : te c h n o lo g y  
assessm en t; b io m e d ic a l e th ics ; na tio na l s c ie n c e  p o l­
icy ; s o c io lo g y  o f sc ie n c e ; a n d  sc ie n c e , te chno logy , 
a n d  th e  hum an ities . The se  a n d  o the r s u b je c ts  are 
s tu d ie d  th ro u g h  cou rses , g ra d u a te  a n d  fa c u lty  s e m i­
nars, w o rksh o p s , an d  in d iv id u a l re se a rch  p ro g ra m s . 
T he  P rog ram  a lso  p a rtic ip a te s  in th e  g ra d u a te  m ino r 
f ie ld  o f p u b lic  po licy , o ffe ring  a  s c ie n c e  p o lic y  
“ s tre a m " w ith in  th is  m in o r f ie ld . T he  fo llo w in g  co u rse s  
a re  c o s p o n s o re d  b y  th e  P rog ram  on S c ience , 
Techno logy, a n d  S o c ie ty  in co lla b o ra tio n  w ith  o th e r 
un its  o f th e  University,
B io lo g ica l S c ie n c e s  206, B io m e d ic a l E th ics. Fall.
S. M. B row n, Jr., L. Purdy.
B io lo g ic a l S c ie n ce s  207 , E n v ironm en ta l E th ics. 
S p rin g . S. M. B row n, Jr., L. Purdy.
B u s in e ss  and  P u b lic  A d m in is tra tio n  N P A504 a n d  
G o ve rn m e n t 626 , P u b lic  P o lic ies  fo r S c ie n c e  an d  
T e ch n o lo g y  in th e  U n ited  S ta tes. Fall. F A . Lon g .
[B u s in e s s  a n d  P u b lic  A d m in is tra tio n  N C E 51 0  and  
G o ve rn m e n t 630 , S c ie n ce , Techno logy, a n d  D e­
ve lo p m e n t. S p ring . M. J. E sm an a n d  o the rs . N o t o f­
fe re d  1 9 7 5 -7 6 .]
[B u s in e ss  and  P u b lic  A d m in is tra tio n  N C E 51 3  and  
G o ve rn m e n t 683 , S c ie n ce , Techno logy, an d  In te rn a ­
tiona l R e la tions. S p rin g . M. J. E sm an. N o t o ffe re d  
1 9 7 5 -7 6 .]
C o m p u te r  S c ie n ce  105, The C o m p u te rize d  S o c ie ty  
Fall. A . B o rod in .
E n g in e e rin g  IIB203, S o c ia l Im p lic a tio n s  o f 
Techno logy. Fall. W. R. Lynn , E. D. H e itow it.
E n g in e e rin g  IIF605, T he  Law  an d  E n v ironm en ta l C o n ­
tro l. Fall.
66 P ro g ra m  on  S c ience, Technology, a n d  S o c ie ty
E n g in e e rin g  IIF606, S e m ina r in T e ch n o lo g y  A sse ss ­
m ent. S p ring .
E n g ine e ring  IM G 302, T e ch n o lo g y  an d  S o c ie ty — An 
H is to rica l P e rspe c tive . S p rin g . B. J. C onta .
G o ve rn m e n t 312 , U rb a n  S tu d ie s  Labora to ry. Fall and  
sp rin g . D. E. Van H o uw e ling .
G o ve rn m e n t 384 , D e fen se  P o lic ies  a n d  A rm s  C ontro l. 
S p ring . F A . Lon g  an d  G. H. Q uester.
H is to ry  280 , F reshm an S e m ina r in th e  H is to ry  of 
Techno logy. Fall. J . H. W eiss.
[H is to ry  38 6  an d  P h ilo so p h y  386 , P ro b le m s in the 
P h ilo so p h y  a n d  H is to ry  o f B io logy. S p rin g . R. N. Boyd, 
W. B. P rov ine. N o t o ffe re d  1 9 7 5 -7 6 .]
[L a w  578 , L e g a l a n d  M a rke t C o n tro ls  o f T e ch n o lo g ica l 
C h a n g e . Fall. J. R B row n. N o t o ffe re d  1 9 7 5 -7 6 .]
S e m ina r on  S c ience , Techno logy, and  Law. Fall. K. L. 
H ans low e.
P h ilo sophy  681 , P h ilo so p h y  o f S c ie n ce . Fall. M.
B lack.
S o c io lo g y  403 , S o c io lo g y  o f S c ie n c e  a n d  Techno logy. 
S p ring . G. A. G o rd on .
S o c io lo g y  529 , D e m o g ra p h ic  a n d  E co lo g ica l M ode ls  
o f S c ience . S p rin g . D. E. C h ub in .
U rban  P lann ing  an d  D e ve lo p m e n t 434 , E co n o m ics  
302 , a n d  G o ve rn m e n t 302 , T he  Im p a c t a n d  C o n tro l o f 
T e ch n o lo g ica l C h a n g e . S p rin g . J. E. M ilch .
U rban  P lann ing  an d  D e ve lo p m e n t 5 3 3  a n d  G o ve rn ­
m en t 629 , T he  P o lit ics  o f T ech n ica l D e c is io ns . Fall. J.
E. M ilch .
P rog ram  in fo rm a tion  a n d  c o u rse  d e s c r ip tio n s  m a y  be  
o b ta in e d  from  th e  P rog ram  o ffice , 614  C la rk  Hall.
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Description of Courses
C o urse s  d e s ig n e d  fo r th e  u n d e rc la s s  c u rr ic u lu m  are  
d e s c r ib e d  u n d e r D iv is ion  o f B a s ic  S tu d ie s  (see  p. 21). 
O the r e n g in e e rin g  c o u rs e s  a re  lis te d  u n d e r th e  
sch o o l o r d e p a rtm e n t w h ic h  o ffe rs  them . D e sc rip tio n s  
o f c o u rs e s  in th e  hum an ities , soc ia l s c ie n c e s , and  
p h ys ica l a n d  na tu ra l s c ie n c e s  a re  g iv e n  in th e  A n ­
n o u n c e m e n t o f  th e  C o lle g e  o f  A rts  a n d  S c ie n ce s : 
C o urse s o f  S tudy  a n d  o th e r U n ive rs ity  A n n o u n c e ­
m ents. A  g e n e ra l list o f s u b je c ts  o ffe re d  th ro u g h o u t 
th e  Un iversity, w ith  re fe re n ce s  to  th e  va rio u s  d iv is io n s  
th a t o ffe r them , is in c lu d e d  in th e  A n n o u n c e m e n t o f  
G e n e ra l In fo rm a tion .
E ach  e n g in e e rin g  c o u rs e  is d e s ig n a te d  by  tw o  o r 
th re e  le tte rs  a n d  th re e  f ig u re s . T he  le tte rs  s ignify, in 
o rder, th e  co lle g e ; th e  sch o o l o r d e p a rtm e n t; a n d  an 
o p tio n a l c la ss if ica tio n  o f va ry in g  s ig n if ic a n c e , a s ­
s ig n e d  b y  th e  sch o o l o r d e p a rtm e n t. The c o d e  le tte r 
fo r th e  C o lle g e  o f E n g ine e ring  is I, an d  th e re fo re  the  
f irs t le tte r o f all e n g in e e r in g  c o u rs e s  is I. T he  se co n d  
an d  o p tio n a l th ird  le tte rs  are  a ss ig n e d  a c c o rd in g  to  
th e  fo llo w in g  code :
A p p lie d  and  E n g in e e rin g  P h ys ics  P
B a s ic  S tu d ie s  BE
C h e m ica l E n g in e e rin g  HE
C iv il a n d  E n v ironm en ta l E n g ine e ring  I
C o m p u te r S c ie n ce  CS
E le c trica l E n g ine e ring  EE
G e o lo g ica l S c ie n ce s  GE
Indus tria l E n g ine e ring  a n d  O p e ra tio n s  
R e sea rch  OR
M ate ria ls  S c ie n ce  a n d  E n g ine e ring  TE
M e ch a n ica l a n d  A e ro s p a c e  E n g ine e ring  M
T he o re tica l a n d  A p p lie d  M e ch a n ics  A
(A g ricu ltu ra l E n g ine e ring  C o u rse s  a re  c la ss if ie d  
u n d e r th e  C o lle g e  o f A g ric u ltu re  a n d  L ife  S c ie n ce s .)
The th re e  f ig u re s  in e a ch  c o u rse  n u m b e r are  a s ­
s ig n e d  a c c o rd in g  to leve ls  w h ich  have  th e  fo llo w in g  
s ig n if ica n ce :
1 0 0 — in tro d u c to ry  co u rse s ; o p e n  to  a ll le ve ls  o f 
q u a lifie d  s tuden ts ; no  p re re q u is ite s  
2 0 0 — lo w er d iv is io n  (freshm an  an d  so p h o m o re ) 
co u rse s ; o pe n  to  a ll le ve ls  o f q u a lif ie d  s tuden ts ; 
m ay have  p re re q u is ite s  
3 0 0 — u p p e r d iv is io n  (ju n io r an d  sen io r) co u rse s ; m ay 
h ave  p re re q u is ite s  
400  —  u p p e r d iv is io n  (se n io r a n d  g ra d u a te  leve l) 
c o u rse s ; 20 0  o r 30 0  leve l c o u rs e s  o r th e  e q u iva le n t 
re q u ire d  as  p re re q u is ite s
5 0 0 — p ro fe ss io n a l cou rses ; o p e n  to  all q u a lifie d  s tu ­
d e n ts
6 0 0 — g ra d u a te  co u rse s ; a lso  a v a ila b le  to  u p p e r  d iv i­
s ion s tu d e n ts  
7 0 0 — g ra d u a te  co u rse s ; o p e n  to  g ra d u a te  s tu d e n ts  
o n ly
8 0 0 — th e s is  o r re se a rch  at th e  m a s te r ’s d e g re e  leve l 
9 0 0 — th e s is  o r re se a rch  a t th e  d o c to ra l level
B e ca u se  m any  fa c u lty  a d v ise rs  an d  s tu d e n ts  are  
m ore  fa m ilia r w ith  the  p re v io u s  c o u rs e  n u m b e rin g  
sys tem , a R e fe rence  L ist o f C u rre n t an d  Form er 
N u m be rs , a r ra n g e d  by  a re a  o f in s tru c tio n , is p ro v id e d  
to w a rd  th e  b a c k  of th is  boo k, fo llo w in g  th e  c o u rse  
d e sc rip tio n s .
A ll a c a d e m ic  c o u rse s  o f th e  U n ive rs ity  a re  o p e n  to  
s tu d e n ts  o f a ll races , re lig ion s , e th n ic  o r ig in s , ages, 
sexes, an d  p o litica l p e rsuas ions . N o  re q u ire m e n t, 
p re re q u is ite , d ev ice , rule, o r o th e r m eans  sha ll b e  
u sed  b y  any  e m p lo ye e  o f th e  U n ive rs ity  to  e n co u ra ge , 
e s ta b lish , o r m a in ta in  se g re g a tio n  on  th e  b a s is  of 
race, re lig ion , e th n ic  o r ig in , age , sex, o r p o lit ic a l p e r­
s u as ion  in a n y  a c a d e m ic  c o u rs e  of th e  U n iversity.
Division of 
Basic Studies
See p. 21.
Aerospace Engineering
See p. 112.
Agricu ltura l Engineering
(F or a co m p le te  d e s c r ip tio n  o f th e  c o u rs e s  in a g r ic u l­
tu re , see  th e  A n n o u n c e m e n t o f  th e  C o lle g e  o f  A g r ic u l­
tu re  a n d  L ife  S c ie n ce s .)
6 8  A g ricu ltu ra l E n g in eerin g
151 In tro d u ctio n  to  A g ric u ltu ra l E n g in eerin g  
M e a s u re m e n ts  and G ra p h ic s  Fall. C re d it on e  to  
th re e  hou rs. T w o  le c tu re /la b o ra to ry  sess ions . P re­
requ is ite : on e  te rm  o f c a lc u lu s  o r co n c u rre n t re g is ­
tra tio n . Staff.
The s u b je c t w ill be  p re s e n te d  in m o d u la r  fo rm . M o d ­
u le  I, T  labora to ry , c o n s is ts  of th e  in tro d u c tio n  to  e n ­
g in e e rin g  m easu rem en ts , in c lu d in g  g ra p h ic s  a n d  the  
b a s ics  o f PL/C . M odu le  II, F labora to ry, e xam in es  
b a s ic s  of su rve y in g  m e a su rem en ts . M o d u le  I and  
M o d u le  II w ill be  c o m p le te d  d u r in g  th e  firs t n ine 
w e e ks  o f th e  sem ester, an d  e a ch  w ill c o n fe r  on e  c re ­
d it  hour. M o d u le  III, T  labora to ry, w ill e n a b le  th e  s tu ­
d e n t to  a p p ly  m e a su re m e n t p r in c ip le s  a n d  co m p u te r 
sk ill to  a  ty p ic a l e n g in e e r in g  p ro b le m . M o d u le  IV, F 
labora to ry, w ill e n a b le  th e  s tu d e n t to  a p p ly  su rvey in g  
k n o w le d g e  a n d  sk ill to  an  a p p lie d  e n g in e e r in g  p ro b ­
lem . M odu le  III a n d  M o d u le  IV w ill s ta rt th e  te n th  w e ek  
a n d  c o n tin u e  to  th e  en d  of in s tru c tio n ; e a ch  w ill c o n ­
fe r  o n e -h a lf c re d it.
152  E n g in e e rin g  M e a s u re m e n ts  and  
G ra p h ic s  S p ring . C re d it on e  to  th re e  hours. Two 
le c tu re /la b o ra to ry  sess ions . P re requ is ite :151  o r c o n ­
sen t o f instructo r. Staff
The s u b je c t w ill be  p re se n te d  in m o d u la r fo rm . M o d ­
u le I, T  labora to ry, w ill co n s is t o f e n g in e e r in g  m e a ­
su rem en ts , g ra p h ic s , a n d  PL/C . M o d u le  II, F la b o ra t­
o ry  w ill co n s is t o f g ra p h ic s , in c lu d in g  w o rk  on 
m a ch in e  d ra w in g s , in te rsec tion s , d e ve lo p m e n ts , d e ­
s c r ip t iv e  geom etry , a n d  use  o f co n ve n tio n a l p ra c tic e s  
a n d  sym b o ls . The se  m o d u le s  w ill be  c o m p le te d  d u r­
in g  th e  firs t n ine  w e eks, an d  e a c h  w ill c o n fe r  on e  c re ­
d it. M o d u le  III, T  labora to ry, w ill e n a b le  th e  s tu d e n t to  
a p p ly  th e  m e a su re m e n t p r in c ip le s  a n d  c o m p u te r sk ill 
to  a ty p ic a l e n g in e e r in g  p ro b le m . M o d u le  IV, F 
labora to ry , w ill e n a b le  th e  s tu d e n t to  a p p ly  g ra p h ic  
sk ills  to  se le c te d  p ro b le m s . M o d u le  III a n d  M o d u le  IV 
w ill s ta rt th e  te n th  w e e k  a n d  co n tin u e  to  th e  e n d  of 
in s truc tion ; e a ch  w ill co n fe r  o n e -h a lf c re d it.
221 P lane  S u rv ey in g . Fall. C re d it th re e  hours.
Tw o le c tu re s , on e  labora to ry. Staff.
A n  in tro d u c tio n  to  p la n e  su rve y in g . U se  a n d  c a re  o f 
e q u ip m e n t is s tresse d , u s in g  fie ld  p ro b le m s  re la te d  to 
c o n s tru c tio n  a n d  m a p p in g .
222  E n g in eerin g  S u rv e y s  S p ring . C re d it th re e  
hours. Two le c tu res , on e  labora to ry. P re requ is ite : 221 
o r e q u iva le n t. Staff.
A n  in tro d u c tio n  to  p h o to g ra m m e tr ic  m easu rem en ts , 
h y d ro lo g ic  su rveys , rou te  su rveys , m a p p in g , and  c o n ­
tro l su rveys  o f lim ited  extent. The  use o f m e a su re ­
m en ts  in th e  so lu tion  o f e n g in e e r in g  p ro b le m s  w ill be  
em p h a s ize d .
401 S p ec ia l Top ics in A g ricu ltu ra l 
E n g in eerin g  Fall. C re d it one  hour. O p e n  o n ly  to  
sen io rs . W. W. G unke l.
P resen ta tion  an d  d is c u s s io n  of th e  o p p o rtu n itie s , 
q u a lifica tio n s , an d  re s p o n s ib ilit ie s  fo r  p o s itio n s  of 
s e rv ice  in th e  va rio u s  fie ld s  of a g r ic u ltu ra l e n g in e e r­
ing .
41 5  Ph ys ica l A n a ly s is  o f P lan t an d  A n im a l 
M ate ria ls  Sp ring . C re d it tw o  hours. Two le c tu res . 
P re requ is ite : on e  se m e s te r o f c a lcu lu s . G. E. 
R ehkugler.
A  s tu d y  an d  a n a ly s is  o f th e  p h y s ic a l p ro p e rtie s  o f 
p la n t a n d  an im a l m a te ria ls . T he  d e fin itio n  o f p e rtinen t 
p h y s ic a l p ro p e rtie s  an d  d e v e lo p m e n t of th e  m e a n in g  
o f a p h y s ic a l p roperty . The m o rp h o lo g y  o f p la n t and  
an im a l m a te ria ls  w ill b e  re la te d  to  p ro b le m s  o f d e fin ­
in g  p h y s ic a l p ro p e rtie s . S pec ifica lly , m a te ria l p ro d u c t 
g e o m e try  w ill b e  e xa m in e d  a n d  th e  in flu e n ce  of 
fo rc e s  on  b e h a v io r  o f m a te ria ls  w ill be  s tu d ie d . P hys i­
ca l p ro p e rtie s  o f p la n t a n d  an im a l m a te ria ls  w ill be  
re la te d  to  m a te ria l a n d  m a n ip u la tiv e  fo rc e s  a p p lie d  in 
g ro w th , ha rve s tin g , p ro c e s s in g , a n d  h a n d lin g . The 
d e fo rm a tio n  a n d  flo w  o f th e se  m a te ria ls  w ill be  m o d ­
e led . In te rp re ta tio n  o f p h ys ica l p ro p e rtie s  o f p la n t and  
an im a l m a te ria ls  w ill b e  used  in de fin in g  te x tu re  of 
fo o d  m a te ria ls  a n d  m e c h a n ic a l d a m a g e  to  p la n t p ro ­
d u c ts .
41 6  L a b o ra to ry  P ra c tic e  in Ph ys ica l 
A n a ly s is  S p ring . C re d it one  hour. M ay b e  taken  
w ith o u t 41 5  b y  p e rm is s io n  of th e  in s truc to r. O ne 
la b o ra to ry /re c ita tio n  sess ion . P re requ is ite : o n e  
s e m e s te r o f ca lc u lu s . L a b o ra to r ie s  an d  re c ita tio n  w ill 
be  o ffe red  in a lte rn a te  w e eks. G. E. R ehkug ler. 
L a b o ra to ry  c o m p o n e n t o f c o u rse  415 . L a b o ra to ry  
p ra c t ic e  w ill b e  in th e  p h y s ic a l a n a ly s is  o f p la n t and  
an im a l m a te ria ls .
4 5 0  In tro d u ctio n  to  A n a lo g  C o m p u ta tio n
Fall. C re d it tw o  hou rs . O ne  lectu re , o n e  labora to ry.
R. B. Furry.
F u n d a m e n ta ls  o f a n a lo g  c o m p u tin g  w ith  e le m e n ta ry  
e x a m p le s  o f a p p lic a tio n s  from  b io lo g ic a l a n d  p h ys ica l 
sys tem s. In c lu d e s  b a s ic  c o m p u tin g  e le m e n ts , a na log  
p ro g ra m m in g , s c a lin g , a n d  c o m p u te r o p e ra tio n . A n 
a tte m p t w ill b e  m a d e  to  p e rm it s tu d e n ts  to  w o rk  on a 
p ro b le m  re la te d  to  th e ir  ow n a re a s  o f in te res t. A  b a s ic  
kn o w le d g e  o f d iffe re n tia l e q u a tio n s  is  re q u ire d ,
[461 A g ric u ltu ra l M a c h in e ry  D es ig n  S p ring . 
C re d it th re e  hou rs. Two le c tu re s , o n e  labora to ry. P re­
re q u is ite : m e c h a n ic a l d e s ig n  a n d  an a lys is . W. W. 
G unke l. N ot o ffe red  1 9 7 5 -7 6 .
The  p r in c ip le s  o f d e s ig n  an d  d e v e lo p m e n t o f a g r ic u l­
tu ra l m a ch in e s  to  m eet fu n c tio n a l re q u ire m e n ts . Em ­
p h a s is  is on c o m p u te r -a id e d  a n a lys is  a n d  d e s ig n , 
s tre ss  a n a lys is , s e le c tio n  o f c o n s tru c tio n  m a te ria ls , 
a n d  te s tin g  p ro c e d u re s  in vo lve d  in a g r ic u ltu ra l 
m a c h in e  d e ve lo p m e n t. E n g in e e rin g  c re a tiv ity  and  
d e s ig n  re la te d  to  a g r ic u ltu ra l p ro d u c tio n  sys te m s are  
a lso  s tre sse d .]
46 2  A g ric u ltu ra l P o w er Fall. C re d it th re e  hours. 
Tw o  le c tu re s , o n e  labora to ry. P re requ is ite : 
e n g in e e r in g  m e c h a n ic s  (d y n a m ic s ), o r e q u iva len t.
W. W. G unke l.
U tiliza tio n  o f in te rna l c o m b u s tio n  e n g in e  a n d  o th e r 
fo rm s  o f e n e rg y  in a g ricu ltu re . B a s ic  theory, ana lys is , 
a n d  te s tin g  o f in te rna l c o m b u s tio n  e n g in e s  fo r  use  in 
fa rm  tra c to rs  an d  o th e r a g r ic u ltu ra l p o w e r a p p lic a ­
tions . S p e c if ic  s tu d y  o f tra c to r  tra n sm iss io n s . 
N e b ra s k a  T rac to r Tests, and  so il m e c h a n ic s  re la te d  to  
tra c tio n  a n d  v e h ic le  m ob ility . E co n o m ics  an d  hum an  
fa c to rs  in p o w e r use a n d  a p p lic a tio n  w ill b e  
co n s id e re d .
A g ric u ltu ra l E n g in eerin g  69
1465 P ro c ess in g  and  H a n d lin g  S y s te m s for 
A g ricu ltu ra l M ate ria ls  S p ring . C re d it th re e  hours. 
T hree  le c tu res , one  labora to ry . R. B. Furry. N o t o ffe red  
1 9 7 5 -7 6 .
P rocesse s s u c h  as  s ize  re d u c tio n , sepa ra tio n , m e te r­
in g , an d  d ry in g . P sych ro m e trics , flu id  flow  m e a su re ­
m ent, an d  an  in tro d u c tio n  to d im e n s io n a l a n a lys is  
an d  c o n tro ls  fo r a g ricu ltu ra l a p p lic a tio n s . P rob lem  
so lu tio n s  w ill e m p lo y  bo th  a na log  a n d  d ig ita l c o m p u t­
ers; it is  p re fe rre d  th a t th e  s tu d e n t know  how  to  w rite  
p ro g ra m s  to  u tilize  th e  d ig ita l com p u te r.]
471 S o il and  W ater E n g in eerin g  Fall. C re d it th re e  
hours. Tw o le c tu re s , on e  d iscu ss io n -la b o ra to ry . P re­
requ is ites : flu id  m e c h a n ic s  o r h yd ra u lic s  a n d  soils, or 
co n c u rre n t re g is tra tion ; fa rm  m a n a g e m e n t re c o m ­
m e n d e d . L. G. Jam es.
The a p p lic a tio n  o f e n g in e e rin g  p r in c ip le s  to  p ro b le m s  
of so il an d  w a te r m ana g e m e n t. D e s ign  and  c o n s tru c ­
tion  o f d ra in a g e , irr iga tio n  an d  e ros io n  co n tro l sys ­
tem s, sm all reservo irs , an d  earth  e m bankm en ts .
475 S y s te m s M o d e ls  for E n v iro n m en ta l Q u ality  
C o n tro l Fall. C re d it th re e  hou rs. P re requ is ite : one  
ye a r of c o lle g e  m a th e m a tics . T h re e  le c tu res .
D. A. Haith.
In tro d u c tio n  to  sys tem s a n a lys is  te c h n iq u e s  a n d  th e ir  
a p p lic a tio n  to  e n v iro n m e n ta l q u a lity  m anage m en t.
The co u rse  w ill e m p h a s ize  th e  use o f m a th em a tica l 
m o d e lin g  to  eva lu a te  a lte rn a tive  so lu tio n s  to  e n v iro n ­
m enta l p ro b le m s . T he  te c h n iq u e s  o f s im u la tion , linear 
p ro g ra m m in g , an d  d y n a m ic  p ro g ra m m in g  w ill be  in ­
tro d u c e d  a n d  a p p lie d  to  su ch  a re a s  as  w a te r q u a lity  
con tro l, so lid  w a s te  m a n age m en t, a ir p o llu tio n  c o n ­
tro l, a n d  a g r ic u ltu ra l w a s te  m anage m en t.
481 A g ricu ltu ra l S tru c tu res  D esig n S pring .
C re d it tw o  hours. O ne  lectu re , o n e  re c ita tio n -la b o ra to - 
ry. P re requ is ite : s tru c tu ra l en g in e e rin g .
N. R. Scott.
A p p lic a tio n  o f b a s ic  s tru c tu ra l c o n c e p ts  to  d e s ig n  o f 
a g ricu ltu ra l s tru c tu re s . E m pha s is  on  w o o d  s truc tu res , 
in c lu d in g  d e s ig n  o f trusse s, r ig id  fram es, p re fa b r i­
c a te d  pane ls , a n d  co lum n s . D e s ign  o f re in fo rce d  
c o n c re te  m e m b e rs  a n d  s tee l m e m b e rs . E co n o m ic  
co n s id e ra tio n s  a re  p re se n te d  also.
482 E n v iro n m e n ta l C o n tro l fo r A n im a ls  and  
P lan ts  S p ring . C re d it tw o  hours. O ne  lectu re , one  
re c ita tion -la bo ra to ry . P re requ is ite : th e rm o d yn a m ics .
N. R. Scott.
S tudy  o f the rm a l in te rch a n g e s  be tw e e n  an im a ls , in ­
c lu d in g  m an, and  p la n ts  w ith  th e  e n v iro n m e n t. U n­
de rs ta n d in g  o f p h y s io lo g ic a l p r in c ip le s  a ffe c tin g  
the rm a l co m fo rt an d  hea lth . V entila tion , a ir c o n d it io n ­
ing , p sych ro m e tric s , in su la tio n , c o n d e n s a tio n  con tro l, 
so la r energy, and  w e a th e r phe nom ena .
491 H ig h w ay  E n g in eerin g  (S am e as  C iv il an d  
E n v ironm en ta l E n g ine ring  IID 632 .) Fall. C re d it th re e  
hours. Two le c tu res , one  labora to ry . P re requ is ite : 
IID301 re co m m e n d e d . L. H. Irw in.
S tu d y  o f e c o n o m ic  c o n s id e ra tio n s  in road  im p ro v e ­
m ent, p la n n in g  an d  p ro g ra m m in g , road  lo ca tio n  an d  
g e o m e tr ic  de s ig n , tra ffic  e n g in e e rin g , e n g in e e rin g  soil 
c h a ra c te r is t ic s  a n d  c la ss if ic a tio n , d e s ig n  o f ro a d b e d  
th ickn e ss , d ra in a g e , s ta b iliza tio n  m e th o d s  an d  m a te ­
ria ls , w e a rin g  su rfa ce s . E m p h a s is  is on s e c o n d a ry  
roads.
492  B itu m in o u s  M ate ria ls  and  P a vem en t  
D e s ig n  S p ring . C re d it th re e  hou rs. Two le c tu re s , 
on e  labora to ry . P re requ is ite : 491 re co m m e n d e d . L. H. 
Irw in.
P ro p e rtie s  o f asph a lts , a g g re g a te s , an d  b itu m in o u s  
m ix tu re s , b itu m in o u s  m ix tu re  d e s ig n ; p a ve m e n t c o n ­
s tru c tio n ; so il s ta b iliza tio n  m e th o d s ; sea l c o a t and  
s u rfa c e  tre a tm e n t d e s ig n  an d  c o n s tru c tio n ; p a ve m e n t 
m a in te n a n ce ; fle x ib le  p a ve m e n t d e s ig n  m e th ods ; 
r ig id  p a ve m e n t d e s ig n  m e th o d s ; p a ve m e n t d e s ig n  fo r 
fro s t c o n d itio n s .
[4 9 5  T ran s p o rta tio n  P o lic ie s  for D e ve lo p in g  
N a tio n s , w ith  E m p h a s is  on  Low -V o lu m e  
R o ad s  Fall. C re d it th re e  hours. Two le c tu res . P re­
requ is ites : u p p e rc la s s  o r g ra d u a te  s ta n d in g  and  
p e rm iss io n  of com m ittee . L im ite d  to  fo rty -five  s tu ­
den ts . C o re  co m m itte e  co n s is ts  of: L, H, Irw in, c o o r­
d ina to r, a g ricu ltu ra l e n g in e e r in g ; G, J. C u m m in g s , 
ru ra l so c io lo g y ; a n d  D. F W illiam s, p o lic y  p la n n in g  
an d  re g io n a l a na lys is . N ot o ffe re d  1 9 7 5 -7 6 .
A  m u lt id is c ip lin a ry  s tu d y  o f th e  p ro c e s s e s  o f p o lic y  
fo rm u la tio n  a n d  p la n n in g  o f tra n s p o rta tio n  fa c ilit ie s  in 
d e v e lo p in g  na tio ns  w ith  d iffe ren t e n e rg y  resou rces . 
A re a s  o f in ve s tig a tio n  w ill in c lu d e : th e  p o lic y m a k in g  
p ro c e s s  an d  s tra te g y  fo r p o lic y  im p le m e n ta tio n , 
e c o n o m ic  p o lic y  an d  e c o n o m ic  a n a lys is  m e th o d s  fo r 
tra n sp o rta io n , s o c io lo g ic a l c o n s id e ra tio n s  o f tra n s p o r­
ta tio n  po licy, and  te c h n o lo g y  o f road  b u ild in g . A  te rm  
p ro je c t an d  re p o rt on  an a p p ro p ria te  a s p e c t of tra n s ­
p o rta tio n  fo r  d e v e lo p in g  na tio ns  w ill be  re q u ire d .]
5 5 1 -5 5 2  A g ric u ltu ra l E n g in e e rin g  P ro ject
C re d it s ix  hou rs. R e q u ire d  fo r M .E ng . d e g re e . G. E. 
R e hkug le r a n d  staff.
C o m p re h e n s ive  d e s ig n  p ro je c ts  u tiliz in g  real en ­
g in e e rin g  p ro b le m s  to p re se n t fu n d a m e n ta ls  o f a g ­
ricu ltu ra l e n g in e e rin g  de s ig n . E m p h a s is  on  fo rm u la ­
tion  o f a lte rn a te  d e s ig n  p ro p o sa ls , in c lu d in g  
e c o n o m ic s  a n d  n o n te ch n ica l fa c to rs  a n d  c o m p le te  
d e s ig n  o f the  b e s t a lte rna tive .
651 S im ilitu d e  M e th o d o lo g y  S p ring . C re d it th re e  
hou rs. Tw o le c tu res , o n e  labora to ry. R. B. Furry. 
S im ilitud e  m e th odo logy , in c lu d in g  th e  use o f d im e n ­
s io na l a n a lys is  to  d e v e lo p  g en e ra l e q u a tio n s  to  de fin e  
p h y s ic a l phe n o m e n a , m ode l theory, d is to r te d  m ode ls , 
an d  a n a lo g ie s , w ith  an in tro d u c tio n  to  a va r ie ty  o f a p ­
p lic a tio n s  in e n g in e e rin g . It is p re fe rre d  th a t th e  s tu ­
d e n t kn o w  h o w  to  w rite  p ro g ra m s  to  u tilize  th e  d ig ita l 
c o m p u te r  b e fo re  e n ro llin g  in th e  cou rse .
652 In s tru m e n ta tio n  S p rin g . C re d it th re e  hours. 
Two le c tu re s , o n e  labora to ry. P re requ is ite : c o n s e n t of 
instructo r. N. R. S co tt.
E m pha s is  is  on th e  a p p lic a tio n  o f in s tru m e n ta tio n  
c o n c e p ts  an d  sys tem s to  p h y s ic a l a n d  b io lo g ica l 
m e asu rem en ts . C h a ra c te r is t ic s  o f in s trum en ts , a p p li­
ca tio n  o f o p e ra tio n a l a m p lifie rs  a n d  tra n s is to rs  fo r 
s ig na l c o n d it io n in g  an d  in te rfa c in g , s h ie ld in g  an d  
g ro u n d in g ; tra n s d u c e rs  fo r m e a su re m e n t o f force , 
p ressure , d isp la ce m e n t, ve locity, a cce le ra tio n , te m p ­
era ture , ligh t, and  flow ; a n d  d a ta  a cq u is it io n  sys tem s, 
in c lu d in g  te lem etry , a re  c o n s id e re d .
7 0  A g ricu ltu ra l E n g in eerin g
1675 S o lid  W aste  M a n a g e m e n t (S am e as  C ivil 
an d  E n v ironm enta l E n g in e e rin g  IIE 630.) S p ring .
C re d it th re e  hou rs. P re requ is ite : c o n se n t o f instructo r. 
N o t o ffe red  19 7 5 -7 6 .
S tu d y  of m u n ic ip a l, in dus tria l, an d  a g ricu ltu ra l so lid  
w a s tes . E m pha s is  on  w a s te  c h a ra c te r is t ic s , m e th od  
o f tre a tm e n t an d  d isp o sa l, an d  in te rre la tio n sh ip  w ith  
air, water, an d  la nd  e n v iro n m e n t. D iscu ss io n  of 
e c o n o m ic  a n d  p o lit ic a l a sp e c ts . In te n d e d  p rim a rily  fo r 
g ra d u a te  s tu d e n ts  b u t o p e n  to  q u a lif ie d  u n d e r­
g ra d u a te s .]
67 6  In d u stria l W aste  M a n a g e m e n t (S am e as 
C iv il a n d  E n v ironm en ta l E n g in e e rin g  IIE631.) S p ring . 
C re d it th re e  hou rs. P rim arily  a g ra d u a te  co u rse , b u t 
o p e n  to  u p p e rc la s s  s tu d e n ts  in ch e m ica l, a g ricu ltu ra l, 
o r c iv il an d  e n v iro n m e n ta l e n g in e e rin g , o r in th e  C o l­
le g e  P rog ram  w ith  a  m a jo r fro m  th e se  fie lds .
L eg a l a sp e c ts , a ss im ila to ry  c a p a c ity  of re ce iv in g  
w a te rs , jo in t in d u s tria l-m u n ic ip a l c o lle c tio n  o f w astes, 
an d  se w e ra g e  se rv ic e  ch a rg e s . W aste  s a m p lin g  and  
a na lys is , tre a tm e n t p ro ce sse s , w a s te -re d u c tio n  p o s ­
s ib ilitie s , w a te r q u a lity  a n d  quantity , w a te r reuse  a n d  
recovery, an d  co s ts . S p e c ific  in d u s tria l o p e ra tio n s  
a n d  se le c te d  c a s e  s tu d ie s  o f In d u s tria l w a s te  tre a t­
m ent. A n in -d e p th  s tu d y  o f a p a rt ic u la r  w a s te  p ro b le m  
is re q u ire d  o f all s tuden ts .
67 7  T re a tm e n t and  D isp o sa l o f  A g ricu ltu ra l 
W astes  Fall. C re d it th re e  hou rs. P re requ is ite : 
c o n s e n t o f ins truc to r. W. J. Jew e ll.
E m pha s is  is  on  th e  c a u se s  o f a g r ic u ltu ra l w a s te  p ro b ­
le m s an d  on th e  fu n d a m e n ta ls  a n d  a p p lic a tio n  of 
p o ss ib le  tre a tm e n t a n d  d is p o s a l p ra c t ic e s  to  con tro l 
th e  p ro b le m s . The c o u rse  is  a im e d  a t hav ing  th e  s tu ­
d e n ts  u n d e rs ta n d  how  to  m ake  d e c is io n s  a b o u t 
s e le c tin g  a n d  u tiliz in g  a p p ro p ria te  a g r ic u ltu ra l w a ste  
m a n a g e m e n t p ro c e s s e s  a n d  sys tem s, as  w e ll as how  
to  d e s ig n  an d  o p e ra te  th e  sys tem s. A e ro b ic  and  
a n a e ro b ic  p ro ce sse s , nu trien t con tro l, w a s te  u tiliza ­
t ion , an d  la nd  d is p o s a l a re  d is c u s s e d . The  s tu d e n ts  
w ill a p p ly  th e se  a n d  o th e r c o n c e p ts  to  th e  m a n a g e ­
m ent of w a s tes  fro m  s p e c ific  an im a l a n d  c ro p  p ro d u c ­
tion  a n d  fo o d  p ro c e s s in g  o p e ra tio n s . In teg ra tio n  o f 
fe a s ib le  w a s te  m a n a g e m e n t m e th o d s  in to  a g ricu ltu ra l 
p ro d u c tio n  co n s titu te s  a  m a jo r p a rt o f th e  course .
6 7 8  E n v iro n m e n ta l Q u a lity  M a n a g e m e n t for 
A g ro -E c o s y s te m s  (S am e as  C iv il a n d  E n v ironm en­
ta l E n g ine e ring  IIF751 .) Fall. C re d it th re e  hours. P re­
requ is ite : so m e  kn o w le d g e  o f linea r p ro g ra m m in g  o r 
c o n se n t o f in s tru c to rs . C. S hoem aker, D. A. Haith.
T he  a p p lic a tio n  o f sys te m s a n a lys is  an d  m a th e m a ti­
ca l e c o lo g y  to  p ro b le m s  in e co sys te m  m a n a g e m e n t 
a n d  e n v iro n m e n t qua lity . T op ics  to  b e  c o n s id e re d  w ill 
b e  s e le c te d  from  th e  fo llo w in g : p e s t con tro l, fe rtilize r 
usage , e u tro p h ica tio n , a g r ic u ltu ra l w aste , so il a n d  
w a te r co n se rva tio n , a n d  p u b lic  p o lic y  d e c is io n s  a f­
fe c tin g  e co sys te m  m a n age m en t.
67 9  U se  o f  Lan d  fo r  W aste  T rea tm en t a n d  D is ­
p o sa l S p rin g . C re d it th re e  hou rs. P re requ is ite : p e r­
m iss io n  o f instructo r. W. J. Jew e ll, P J. Z w erm an .
The s o c io - le g a l-te c h n ic a l fa c to rs  th a t d ic ta te  th a t d is ­
p o sa l o f w a s te s  on  la nd  b e  a m a jo r a lte rn a tive  in all 
w a s te  m a n a g e m e n t sch e m e s . T he  p ro p e rtie s  o f la nd  
a n d  c ro p  sys te m s tha t m ake  la nd  d is p o s a l o f w a s te s
a v ia b le  a lte rn a tive . E va lua tio n  o f p re se n t la nd  tre a t­
m e n t a n d  d is p o s a l re g u la tio n s  fo r th e  d e v e lo p m e n t of 
n e w  re g u la tio n s  a n d  th e  d e s ig n  o f fu ll s c a le  un its.
6 8 5  B io lo g ica l E n g in e e rin g  A n a ly s is  Fall. C re d it 
fo u r hou rs . T h re e  le c tu re s . P re requ is ite : IAA351 o r 
c o n s e n t o f ins truc to r. J. R. C ooke.
E n g in e e rin g  p ro b le m -s o lv in g  s tra te g ie s  an d  
te c h n iq u e s  w ill b e  e x p lo re d . T h e  s tu d e n t w ill so lve  
se ve ra l re p re se n ta tive  e n g in e e r in g  p ro b le m s  w h ich  
in h e re n tly  in vo lve  b io lo g ic a l p ro p e rtie s . The 
m a th e m a tica l m o d e lin g  w ill e m p h a s ize  p ro b le m  fo r­
m u la tio n  a n d  in te rp re ta tio n  o f resu lts . T he  s tu d e n t’s 
kn o w le d g e  o f fu n d a m e n ta l p r in c ip le s  w ill b e  e x te n ­
s ive ly  u tilize d . P rin c ip le s  o f fe e d b a c k  c o n tro l th e o ry  
w ill be  a p p lie d  to  b io lo g ic a l sys tem s.
70 0  A g ric u ltu ra l E n g in e e rin g  S e m in a r Fall and 
sp rin g . Staff.
P resen ta tion  a n d  d is c u s s io n  o f re se a rch  a n d  sp e c ia l 
d e v e lo p m e n ts  in a g r ic u ltu ra l e n g in e e r in g  a n d  o the r 
fie lds .
7 5 0  O rie n ta tio n  fo r  R e search  Fall. C re d it one  
hour. R. B. Furry.
In tro d u c tio n  o f new ly  jo in in g  g ra d u a te  s tu d e n ts  to  
d e p a rtm e n ta l re se a rch  po licy , p ro g ra m s , m e th o d o l­
ogy, re so u rce s , an d  c a n d id a te  re s p o n s ib ilit ie s  a n d  
o p p o rtu n itie s .
761 P o w er and  M a c h in e ry  S e m in a r S p ring . 
C re d it on e  hour. P re requ is ite : c o n s e n t o f instructor. 
Staff.
S tu d y  a n d  d is c u s s io n  o f re se a rch  a n d  n e w  d e v e lo p ­
m en ts  in a g r ic u ltu ra l p o w e r a n d  m a c h in e ry
771 S o ils  and  W ater E n g in e e rin g  S e m in a r
S p rin g . C re d it o n e  to  th re e  hou rs. P re requ is ite : c o n ­
sen t o f ins truc to r. Staff.
S tu d y  an d  d is c u s s io n  o f re se a rch  on  se le c te d  to p ic s  
in irr ig a tio n , d ra in a g e , e ro s io n  co n tro l, a n d  a g r ic u l­
tu ra l hyd ro logy .
7 7 5  A g ric u ltu ra l W aste  M a n a g e m e n t  
S e m in a r Fall a n d  sp r in g . C re d it on e  hour. P re re q u i­
s ite : c o n se n t o f ins truc to r. Staff.
S tu d y  a n d  d is c u s s io n  o f th e  m a n a g e m e n t o f a g r ic u l­
tu ra l w aste , w ith  e m p h a s is  on th e  p h ys ica l, c h e m ica l, 
b io lo g ic a l, e c o n o m ic , a n d  a e s th e tic  re q u ire m e n ts .
781 A g ric u ltu ra l S tru c tu re s  and  R e la ted  S y s te m s  
S e m in a r S p ring . C re d it o n e  hour. P re requ is ite : c o n ­
s e n t o f ins truc to r. Staff.
S tu d y  a n d  d is c u s s io n  o f fa rm s te a d  p ro d u c t io n  p ro b ­
lem s, w ith  e m p h a s is  on  b io lo g ic a l, e co n o m ic , e n ­
v iro n m e n ta l, a n d  s tru c tu ra l req u ire m e n ts .
7 8 5  B io lo g ic a l E n g in e e rin g  S e m in a r S p ring . 
C re d it on e  hour. P re re q u is ite : co n s e n t o f instructor.
N. R. S co tt, J. R. C ooke.
The  in te ra c tio n  of e n g in e e r in g  a n d  b io lo g y  w ill be  
e x a m in e d , e s p e c ia lly  th e  e n v iro n m e n ta l a s p e c ts  of 
p la n t, an im a l, a n d  hum an  p hys io lo gy , in o rd e r  to  im ­
p ro v e  c o m m u n ic a tio n s  b e tw e e n  e n g in e e rs  an d  
b io lo g is ts .
A p p lie d  an d  E n g in e e rin g  P h ys ic s  71
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IP751 and  IP 752  P ro ject Fall a n d  sp rin g . C re d it 
th re e  hours.
In form al s tu d y  u n d e r d ire c tio n  o f a  m e m b e r o f th e  
U n ive rs ity  staff. The  o b je c tiv e  is to  d e v e lo p  self- 
re lia n ce  w ith  in itia tive , as w e ll as  to  g a in  e x p e rie n c e  
w ith  m e th o d s  o f a tta c k  a n d  o ve ra ll p la n n in g  in e xa ­
m in in g  a s p e c ia l p ro b le m  re la te d  to  th e  s tu d e n t's  fie ld  
of in terest.
IP 490 In fo rm al S tu d y  in E n g in eerin g  
P h ys ic s  La b o ra to ry  o r th e o re tica l w o rk  in any  
b ra n c h  o f e n g in e e rin g  p h y s ic s  u n d e r the  d ire c tio n  of 
a m e m b e r of th e  staff.
IP 2 1 7  C o n te m p o ra ry  Top ics in A p p lied  P h ys ic s
S p ring . C re d it th re e  hours. P re requ is ite : P h ys ics  213. 
Le c tu re  p e r io d s  c o m b in e d  w ith  re c ita tio n s  a n d  som e 
e xp e rim e n ts . Two le c tu re s , one  re c ita tio n - la b o ra to ry  
e a ch  w eek. V. O. K o stroun  a n d  staff.
See d e s c r ip tio n  on p. 2 5  u n d e r D iv is ion  o f B a s ic  
S tud ies.
IP 323 S ta tis tica l T h e rm o d y n a m ic s  Fall. C re d it 
fo u r hou rs. T. N. R hod in .
Q uan tum  s ta tis tica l bas is  fo r e q u ilib r iu m  th e r­
m o d yn a m ics , ca n o n ic a l a n d  g ra n d  ca n o n ic a l e n se m ­
b les, and  p a rtit io n  fu n c tio n s . Q uan tum  an d  c la ss ica l 
id ea l g a se s  a n d  p a ra -m a g n e tic  sys tem s, F e rm i-D irac , 
Bose-E ins te in , a n d  M a xw e ll-B o ltzm a n n  s ta tis tics . In­
tro d u c tio n  to  sys te m s  of in te ra c tin g  p a rtic le s . A t the  
leve l o f The rm a l P h ys ics  b y  K itte l an d  S ta tis t ica l a n d  
The rm a l P h ys ics  b y  Reif.
IP 424  S ta tis tica l P h ys ic s  S p ring . C re d it fou r 
hours. R. V. Love lace .
E lem en ta ry  k in e tic  th e o ry  of g a se s  in te rm s  o f the  
s in g le -p a rt ic le  d is tr ib u tio n  fu n c tio n : tra n sp o rt p ro c ­
esse s  in vo lve d  in v iscos ity , hea t co n d u c tiv ity , p a rt ic le  
d iffus io n , an d  e le c tr ic a l res is tiv ity ; th e  B o ltzm an n  
e q u a tio n  a n d  th e  H theorem . F lu c tu a tio n s  a n d  irre ve r­
s ib le  p ro ce sse s : th e  m a s te r eq u a tio n , th e  L a n g e v in  
eq u a tio n , th e  F o kke r-P la n ck  e q u a tio n , a n d  B row n ian  
m ovem en t; e le c tro m a g n e tic  no ise  an d  N yq u is t 's  
theo rem ; th e  W ie n e r-K h in tch in e  re la tio ns ; e n tro p y  
p ro d u c tio n  an d  th e  O n sa g e r re c ip ro c a l re la tions.
IP 3 3 3  M ec h a n ic s  o f P a rtic les  and  S o lid  
B o dies  Fall. C re d it fo u r hou rs. T h re e  le c tu res , one  
rec ita tion .
P rim arily  fo r m a jo rs  in e n g in e e r in g  ph ys ics . N e w to n ’s 
law s; co o rd in a te  tra n s fo rm a tio n s ; g e n e ra liz e d  c o o rd i­
na tes  a n d  m om e n ta , L a g ra n g ia n  an d  H a m ilton ia n  
fo rm u la tion ; a p p lic a tio n s  to  osc illa to r, re s tra in e d  m o ­
tion , cen tra l fo rce s , sm a ll v ib ra tio n s  o f m u lt ip a rt ic le  
sys tem s, m otion  o f r ig id  body.
IP 4 3 4  C o n tin u u m  P h ysic s  S p ring . C re d it fou r 
hou rs. Th ree  le c tu res , on e  re c ita tio n .
S tress  tensor, e q u a tio n  o f re a c tio n , E u le r’s eq u a tio n , 
in c o m p re s s ib le  a n d  c o m p re s s ib le  flow, s tra in  tensor, 
e le m e n ts  of e la s tic ity  theory, e la s tic  w a ves, v isco u s  
liq u id s  and  a n e la s tic  so lids .
IP 3 5 5  In te rm e d ia te  E le c tro m a g n e tis m  Fall.
C re d it fo u r hou rs. P re requ is ites : P h ys ics  2 1 4  an d  216  
a n d  c o re g is tra tio n  in M a th e m a tics  421 , o r c o n se n t of 
in s truc to r. B. R. Kusse.
T o p ics  in c lu d e  v e c to r  ca lcu lu s , e le c tro s ta tic  an d  
m a g n e to s ta tic  f ie ld s  as  so lu tio n s  o f b o u n d a ry  va lue  
p ro b le m s , d ie le c tr ic  a n d  m a g n e tic  m ed ia , m e c h a n i­
ca l a n d  e le c tr ic  e n e rg y  and  p ressure . A lso  e le c tr ic  
in d u c tio n  p h e n o m e n a , sk in  effect, an d  th e  in tro d u c ­
tio n  o f d is p la c e m e n t cu rre n t. E m p h a s is  on  th e  a p p li­
ca tio n  o f c o n c e p ts  to  p h ys ica l p h e n o m e n a  a n d  e n ­
g in e e rin g . A t th e  leve l o f L e c tu re s  on  P h ys ics ,  MdI. II, 
b y  Feynm an , an d  F o u n d a tio n s  o f  E le c tro m a g n e tic  
Theory  b y  R e itz a n d  M ilfo rd .
IP 4 5 6  In te rm e d ia te  E le c tro d y n a m ic s  S p ring  
C re d it fo u r hou rs. P re requ is ite : IP355, co re g is tra tio n  
in M a th e m a tics  422 , o r c o n se n t o f instructor.
T. A. Cool.
D e ve lo p m e n t o f e le c tro m a g n e tic  w a ve  p h e n o m e n a  
an d  ra d ia tion . T op ics  in c lu d e  tra n sm iss io n  lines, 
w a v e g u id e s , w a ve  p ro p e rtie s  o f d is p e rs iv e  m ed ia , 
ra d ia tio n  a n d  s ca tte r in g  p h e n o m e n a , re c ip ro c ity , 
p h ys ica l o p tic s , an d  sp e c ia l relativ ity. E m p h a s is  is  on 
c o n c e p ts  a n d  th e ir  a p p lic a tio n  to  p h ys ica l 
ph e n o m e n a  an d  e n g in e e rin g . A t th e  leve l o f Le c tu re s  
on P h ys ics ,  Vol. II, b y  F eyn m an , a n d  C la s s ic a l E le c ­
tro m a g n e tic  R a d ia tio n  b y  M arion.
IP461 In tro d u c to ry  Q u an tu m  M e c h a n ic s  S p ring . 
C re d it fo u r hou rs. T h re e  le c tu re s , on e  re c ita tio n . P re ­
re qu is ites : IP333 o r P h ys ics  318 ; c o re g is tra tio n  in 
M a th e m a tics  42 2  an d  in IP 456 o r P h ys ics  326.
A  firs t c o u rse  in th e  sys te m a tic  th e o ry  o f q u a n tu m  
phe nom ena . T op ics  w ill in c lu d e  w a ve  p a c k e ts  and  
th e  S c h ro e d in g e r eq u a tio n , illu s tra tive  so lu tio n s  fo r 
th e  s q u a re  w e ll, h a rm o n ic  osc illa to r, an d  th e  h y d ro ­
ge n  a tom , the  fo rm a l s tru c tu re  o f q u a n tu m  
m e c h a n ic s , a n g u la r m o m e n tu m , sp in , an d  th e  e x c lu ­
s io n  p rin c ip le , p e rtu rb a tio n  theory, a n d  an  in tro d u c ­
tion  to  sym m e tr ie s  an d  to  th e  q u a n tiza tio n  o f th e  e le c ­
tro m a g n e tic  fie ld . Th is  cou rse , w h ich  is s im ila r in c o n ­
ten t to  P h ys ics  443 , is o ffe red  in th e  s p r in g  se m e s te r 
to  a llow  f le x ib ility  in s c h e d u lin g . A t th e  leve l o f C h a p ­
te rs  4  th ro u g h  9 o f M o d e rn  P h ys ics  an d  Q uan tum  
M e c h a n ic s  b y  A n d e rso n .
IP711 P rin c ip le s  o f D iffrac tio n  (S am e as M a te ­
r ia ls  S c ie n c e  a n d  E n g in e e rin g  ITE706 .) Fall. C re d it 
th re e  hours.
B ro a d  in tro d u c tio n  to  d iffra c tio n  p h e n o m e n a  as 
a p p lie d  to  so lid  s ta te  p ro b le m s . P ro d u c tio n  o f ne u ­
tro n s  a n d  x -rays , sca tte r in g  an d  a d s o rp tio n  of n e u ­
tron s , e le c tro n s , x -ra y  b e a m s. D iffrac tion  from  tw o - 
an d  th re e -d im e n s io n a l p e r io d ic  la ttices . C rys ta l s ym ­
metry, Fou rie r re p re se n ta tio n  o f sca tte r in g  cen te rs , 
th e  e ffe c t o f th e rm a l v ib ra tio n s  on sca tte r in g . P honon 
in fo rm a tio n  from  d iffu se  x -ra y  a n d  n eu tron  s ca tte r in g  
a n d  B ra g g  re flec tions . S ta n d a rd  c ry s ta llo g ra p h ic  
te c h n iq u e s  fo r s in g le  c rys ta ls  an d  p o w d e rs . D iffra c ­
tion  fro m  a lm o s t-p e r io d ic  s tru c tu re s , s u rfa ce  layers, 
ga se s , an d  a m o rp h o u s  m a te ria ls . S u rvey  o f d y n a m i­
ca l d iffra c tio n  from  p e rfe c t an d  im p e rfe c t la ttices . 
T e ch n iq u e s  fo r im a g in g  s tru c tu ra l d e fe c ts . A t th e  level 
o f O p tic a l P r in c ip le s  o f  th e  D iffra c tio n  o f  X-R ays  b y  R. 
W. Jam es, X -R ay D iffra c tio n  b y  B. E. W arren, E lec tron  
D iffra c tio n  b y  V a inshte in , an d  E le c tro n  M ic ro s c o p y  o f
72  A p p lied  an d  E n g in eerin g  P h ys ic s
Thin C rys ta ls  b y  H irsch , et al. L e c tu re s  a c c o m p a n ie d  
b y  e xp e rim e n ts  on f lu o re s c e n c e  a n d  p o la r iza tio n  of 
x -ra y s ,d iffra c to m e te r m e a su re m e n ts  o f v ib ra tio n a l 
a m p litu d e s  in c rys ta ls , na tu ra l w id th s  o f em iss ion  
lines, id e n tifica tio n  o f c rys ta l s tru c tu re s , c rys ta l o r ie n ­
ta tio n  b y  b a c k  re fle c tio n  te ch n iq u e s .
IP 7 1 2  S e lec ted  Top ics in D iffrac tio n  (S am e as 
M a te ria ls  S c ie n ce  an d  E n g in e e rin g  ITE 712 .) S p ring . 
C re d it th re e  hours.
E w a ld -von  Laue  d y n a m ic a l th e o ry  a p p lie d  to  x-ray  
an d  h ig h  e n e rg y  e le c tro n  d iffra c tio n  in so lids . The rm a l 
s ca tte r in g  a n d  m easu re m e n t o f p h o n o n  d is p e rs io n , 
f re q u e n c y  sp e c tru m , in te ra to m ic  fo rc e  cons tan ts , 
D e b ye  te m p e ra tu re s , v ib ra tio n a l a m p litu d e s . D iffuse 
sca tte r in g , sh o rt a n d  lo n g  ra n g e  order, p re c ip ita tio n  in 
s o lid s , po in t d e fec ts .
IP 753  S e m in ar T o p ics  in A p p lied  P h y s ic s  Either 
te rm . C re d it o n e  hour. P rim a rily  fo r c a n d id a te s  fo r the  
M a s te r o f E n g ine e ring  (E n g in e e rin g  P h ys ics ) deg ree . 
The s tu d e n t is e x p e c te d  to  a tte n d  a n d  p a rtic ip a te  in a 
m in im u m  o f fifteen  s c h e d u le d  U n ive rs ity  sem ina rs  
a n d /o r  c o llo q u ia  c h o s e n  in te c h n ic a l o r sc ie n tific  
a re a s  c lo se  to  th a t o f th e  s tu d e n t ’s c h ie f in te rest. A  
b r ie f su m m a riz in g  re p o rt o n  e a ch  o f th e se  se m in a rs  is 
p re se n te d  to  th e  s taff m e m b e r o ve rse e in g  th e  cou rse . 
It is e x p e c te d  th a t th p  se m in a r m a te ria l m ay b e  a u g ­
m e n te d  b y  re fe re n ce  to  a n d  in c lu s io n  of re la te d  re ­
se a rch  re p o rte d  in th e  lite ra tu re  a n d  re a d  b y  the  
s tuden t.
IP761 K in e tic  T h e o ry  (S am e  as  E le c trica l En­
g in e e rin g  IEE781.) Fall, a lte rn a te  years . C re d it th re e  
hours. Two le c tu res . P re requ is ite : P h ys ics  561 , 562, 
o r c o n se n t o f instructo r. R. L. Liboff.
D e s ig n e d  fo r s tu d e n ts  w h o  w a n t a  firm  fo u n d a tio n  in 
flu id  d yn a m ics , p la s m a -k in e tic  theory, a n d  n o n e q u ilib ­
rium  s ta tis tica l m e c h a n ic s . B rie f re v ie w  o f c la s s ic a l 
d yn a m ics . The  c o n c e p t o f th e  e n se m b le  a n d  the  
th e o ry  o f th e  L io u v ille  eq u a tio n . P rig o g in e  a n d  
B o g o liu b o v  a n a lyse s  of th e  B B K G Y  s e q u e n ce . M aste r 
e q u a tion , d e n s ity  m atrix , W ig n e r d is tr ib u tio n . D e riva ­
tion  o f flu id  d yn a m ics , B o ltzm an n, K rook, Fokker- 
P lanck, Lan dau , a n d  B a le scu -L e n a rd  e q u a tio n s . 
P ro p e rtie s  a n d  th e o ry  o f th e  linea r B o ltzm an n  co llis io n  
ope ra to r. C h a p m a n -E n sko g  a n d  G ra d  m e th o d s  o f 
so lu tion  of th e  B o ltzm an n  eq u a tio n . K lim o n to v ich  fo r­
m u la tio n . K u b o  theory. C o a rse  g ra in in g  a n d  e rg o d ic  
theory. A t th e  leve l o f In tro d u c tio n  to  th e  Theory o f  
K in e tic  E q u a tio n s  b y  Liboff.
IP 762  P h ys ic s  o f S o lid  S u rfa c e s  (S am e as M a te ­
ria ls  S c ie n ce  a n d  E n g in e e rin g  ITE 762 .) S p rin g . C re d it 
th re e  hou rs. A  le c tu re  c o u rs e  fo r g ra d u a te  s tu d e n ts  
a n d  u p p e rc la ssm e n . T. N. R hod in , J. M. Blakely. 
E q u ilib r iu m  th e rm o d y n a m ic s  a n d  s ta tis tica l 
m e c h a n ic s  o f in te rfa ce s . A to m ic  s tru c tu re  o f su rfa ce s  
in e q u ilib r iu m . S u rfa ce  fie lds , d ip o le s , an d  d e fe c ts  in 
insu la to rs . E lec tron ic  a n d  v ib ra tio n a l p ro p e rtie s  of su r­
fa ce s . S u rfa ce  b a rr ie rs  a n d  w o rk  fu n c tio n s , s u rfa ce  
v ib ra tio n a l a n d  e le c tro n ic  s ta tes . K in e tic  p ro c e s s e s  at 
su rfa ce s . M ass a n d  c h a rg e  tra n sp o rt. C o n d e n sa tio n  
an d  e va p o ra tio n  p ro c e s s e s . E xp e rim e n ta l 
te c h n iq u e s . M a te ria ls  d ra w n  from  re se a rch  p a p e rs  
an d  v a rio u s  re v ie w  a rtic le s  In jo u rn a ls  s u c h  as
P ro g re ss  in  M a te ria ls  S c ience , A d v a n c e s  in  C h e m is ­
try, a n d  S o lid  S ta te  P h ys ics .
IP201 N u c le a r E n erg y  an d  th e  E n v iro n m e n t
Fall. C re d it th re e  hou rs. Two le c tu re s  a n d  on e  
tw o -h o u r re c ita tio n  o r la b o ra to ry  e a ch  w eek. T h e  level 
o f p re se n ta tio n  a ssu m e s  k n o w le d g e  o f in tro d u c to ry  
p h ys ics , chem is try , an d  c a lcu lu s , b u t p re v io u s  kn o w l­
e d g e  o f b io lo g y  is  no t re q u ire d . V. 0 .  K ostroun . 
F u n d a m e n ta ls  o f n u c le a r ra d ia tio n s  a n d  th e ir  m e a s ­
u re m e n t a n d  in te ra c tio n  w ith  m atter, the  na tu ra l ra d ia ­
tion  e n v iro n m e n t, an d  s o u rc e s  o f m a n -m a d e  ra d io a c ­
tiv ity  (five  w e eks); ra d ia tio n  chem is try , ra d ia tio n  b io l­
ogy, so m a tic  a n d  g e n e tic  e ffe c ts  o f n u c le a r rad ia tion , 
m o ve m e n t o f ra d io a c tiv e  m a te ria ls  in th e  b iosphe re , 
a n d  b a se s  o f ra d ia tio n  p ro te c tio n  s ta n d a rd s  (five 
w e eks); e n v iro n m e n ta l e ffe c ts  o f n u c le a r e le c tr ic ity  
ge n e ra tio n  a n d  n u c le a r fue l m in in g , p ro c e s s in g  and  
w a s te  s to ra ge , co n tro l o f ra d ia tio n  h a za rd s , and  
w a s te  hea t p ro b le m s  (fo u r w eeks).
IP 3 0 3  In tro d u c tio n  to  N u c le a r S c ie n c e  and  
E n g in e e rin g  S p rin g . C re d it th re e  hou rs. P re re q u i­
sites: s o p h o m o re  p h y s ic s  a n d  m a th e m a tics .
A n in tro d u c to ry  c o u rs e  in lo w -e n e rg y  n u c le a r p h y s ic s  
a n d  n u c le a r e n g in e e r in g  fo r ju n io rs  a n d  se n io rs  not 
m a jo rin g  in  e n g in e e r in g  p h ys ics . T he  o b je c t iv e  is  to 
a c q u a in t s tu d e n ts  w ith  lo w -e n e rg y  n u c le a r p h ys ics  
a n d  som e  o f its  p ra c t ic a l a p p lic a tio n s . T he  fo llo w in g  
to p ic s  w ill b e  c o v e re d : e le m e n ta ry  q u a n tu m  
m e c h a n ic s ; p ro p e rtie s  a n d  s tru c tu re  o f nu c le i; ra d ia ­
t io n s  e m itte d  b y  n u c le i a n d  th e ir  in te ra c tio n  w ith  m a t­
ter; n u c le a r re a c tio n s , w ith  e m p h a s is  on  fiss ion  and  
fu s io n  p ro ce sse s ; th e  n e u tron  ch a in  re a c tio n ; ty p e s  
an d  u se s  o f n u c le a r ra d ia tio n s , su ch  as  n e u tron  a c t i­
va tio n  a n a lys is  a n d  ra d io a c tiv e  tra c e r  ana lys is .
IP 6 0 9  L o w -E n e rg y  N u c le a r P h y s ic s  Fall. C re d it 
fo u r hou rs . T h re e  le c tu re s . P re re q u is ite : an  in tro d u c ­
to ry  c o u rs e  in m o d e rn  p h y s ic s  in c lu d in g  q u a n tu m  
m e ch a n ics .
T he n u c le a r in te ra c tio n . P ro p e rtie s  o f g ro u n d  a n d  e x ­
c ite d  s ta te s  o f nuc le i; m o d e ls  o f n u c le a r s tru c tu re ; 
a lpha , be ta , g a m m a  ra d io a c tiv ity ; lo w -e n e rg y  n u c le a r 
re a c t io n s — resonan t a n d  n o n re so n a n t sca tte r in g , 
a b s o rp tio n , a n d  fiss ion . A t th e  leve l o f In tro d u c tio n  to 
N u c le a r P h ys ics  b y  Enge.
IP 6 1 2  N u c le a r R e ac to r T h e o ry  I Fall. C re d it fou r 
hou rs. T h re e  le c tu re s . P re re q u is ite s : o n e  ye a r o f a d ­
v a n c e d  c a lc u lu s  a n d  som e  fa m ilia rity  w ith  n u c le a r 
ph ys ics .
A  first c o u rs e  in th e  p h y s ic a l th e o ry  o f fiss io n  re a c to rs . 
T he fiss ion  p ro c e s s  a n d  th e  e ssen tia l p ro p e rtie s  of 
n e u tron  in te ra c tio n s  w ith  m a tte r a re  d e s c r ib e d . The 
th e o ry  of n e u tro n  d iffus io n , s lo w in g  dow n , a n d  ther- 
m a liza tion  is d e v e lo p e d . The th e o ry  is a p p lie d  to  c a l­
c u la tio n s  o f c r it ic a lity  a n d  n e u tron  flux  d is tr ib u tio n  in 
n u c le a r re a c to rs . A tte n tio n  is re s tr ic te d  to  id e a lize d  
c o n fig u ra tio n s  in o rd e r to  illu s tra te  the  p h y s ic a l id eas 
in vo lved . N u c le a r re a c to r k in e tic s  an d  ne u tro n  tra n s ­
p o rt  th e o ry  a re  in tro d u c e d . A t the  leve l o f N u c le a r  
R e a c to r Theory  b y  Lam arsh .
IP 6 1 3  N u c le ar R e ac to r T h e o ry  II S p ring . C re d it 
th re e  hou rs. A  c o n tin u a tio n  of IP612, p r im a rily  in ­
te n d e d  fo r s tu d e n ts  p la n n in g  re se a rch  in n u c le a r
A p p lied  a n d  E n g in eerin g  P h ys ic s  73
re a c to r p h y s ic s  an d  e n g in e e rin g . T hree  le c tu res . P re­
requ is ite : IP612. K .B . Cady.
The  B o ltzm an n  linea r tra n sp o rt eq u a tio n , its ad jo in t, 
an d  the ir a p p ro x im a te  so lu tio n s  a re  d e v e lo p e d  an d  
a p p lie d  to  th e  h e te ro g e n e o u s  n eu tron  ch a in  reactor. 
The  theo ries  o f fas t fiss ion  e ffec t, re so n a n ce  esca p e , 
an d  th e rm a l u tiliza tion  a re  d e v e lo p e d  fo r h e te ro g e n e ­
ous  reac to rs . The e s c a p e  p ro b a b ility  fo rm u la tio n  o f 
re a c to r la ttices , the  n e u tron  im p o rta n ce  func tion , p e r­
tu rb a tio n  theory, te m p e ra tu re  co e ffic ie n ts  o f reactiv ity, 
a n d  fiss ion  p ro d u c t p o is o n in g  a re  a lso  tre a te d . A t the  
leve l o f The P h y s ic a l Theory o f  N e u tron  C h a in  R e a c ­
to rs  b y  W e in be rg  an d  W igner.
IP 633  N u c le ar R e ac to r E n g in e e rin g  Fall. C re d it 
fo u r hours. P re requ is ite : in tro d u c to ry  c o u rs e  in n u ­
c le a r e n g in e e rin g . K. B. Cady.
A  se le c te d  se t of to p ic s  re p re se n tin g  th e  fu n d a m e n ­
ta ls  o f n u c le a r re a c to r e n g in e e rin g : e n e rg y  co n v e r­
s ion  a n d  p o w e r p lan t th e rm o d yn a m ics , re a c to r p lan t 
flu id  flo w  a n d  hea t transfer, th e rm a l s tresses, ra d ia tio n  
p ro te c tio n  an d  s h ie ld in g , ro u tin e  and  a c c id e n ta l d is ­
c h a rg e  o f ra d io n u c lid e s  from  n u c le a r re a c to rs , and  
n u c le a r fue l cyc le s . A t th e  level o f N u c le a r R e a c to r 
E n g in e e rin g  by  G la ss to n e  a n d  Sesonske.
IP 634 N u c le ar E n g in e e rin g  D es ig n  S e m in ar
S p ring . C re d it fo u r hou rs. P re requ is ite : IP633. K. B. 
Cady.
A  g ro u p  d e s ig n  s tu d y  of a se le c te d  n u c le a r re a c to r 
sys tem . E m pha s is  is on  safety, s itin g , a n d  rad ia tion  
p ro te c tio n  in th e  d e s ig n  o f n u c le a r p o w e r sys tem s.
IP 636  S e m in ar on  T h e rm o n u c le a r  Fus ion  
R e acto rs  S p ring . C re d it th re e  hours. P re requ is ite : a 
ba s ic  c o u rs e  in p la sm a  p h y s ic s  o r n u c le a r re a c to r 
e n g in e e rin g , o r co n se n t o f instructo r. H. FI. 
F le ischm ann .
The p re se n t s ta te  o f th e  te c h n o lo g ic a l an d  e n g in e e r­
ing p ro b le m s  e x p e c te d  in th e  d e s ig n  and  c o n s tru c ­
tion  of th e rm o n u c le a r fus ion  re a c to rs  w ill be  ana lyzed . 
Top ics  w ill in c lu d e  b a s ic  re a c to r co n ta in m e n t 
sch e m e s , m a te ria ls  d e ve lo p m e n t, m e ch a n ica l and 
hea t tra n s fe r p ro b le m s , re fu e ling , ra d ia tio n  a n d  sa fe ty  
haza rds , s u p e rc o n d u c tin g  m agne ts , e n e rg y  co n v e r­
s ion, and  e co n o m ics .
IP651 N u c le ar M e a s u re m e n ts  L ab o rato ry
S p ring . C re d it fou r hou rs. Two 2 '/2 -hour a fte rnoo n  
p e rio d s . P re requ is ite : so m e  kn o w le d g e  o f n u c le a r 
p h ys ics .
La b o ra to ry  e xp e rim e n ts  p lu s  le c tu re s  on in te ra c tio n  of 
ra d ia tio n  w ith  m a tte r a n d  on ra d ia tio n  d e te c tio n , in­
c lu d in g  e le c tro n ic  c irc u its . Tw enty d iffe ren t e x p e ri­
m en ts  a re  a v a ila b le  in th e  f ie lds  of n u c le a r a n d  re a c ­
to r p h ys ics  and  ra d ia tio n  p ro te c tio n . A m o n g  th e se  are  
e x p e rim e n ts  on  em iss ion  an d  a b so rp tio n  o f rad ia tion , 
ra d ia tio n  d e te c to rs  a n d  n u c le a r e le c tro n ic  c irc u its , in­
te ra c tio n s  o f n eu trons  w ith  m a tte r (a b so rp tio n , s c a tte r­
ing, m ode ra tion , a n d  d iffus io n ), a c tiva tio n  a na lys is  
a n d  rad io chem is try , an d  p ro p e rtie s  of a su b -c r it ic a l 
assem bly. M any of the  e xp e rim e n ts  use the  TR IG A  
Reactor. The  s tu d e n t is  e x p e c te d  to  p e rfo rm  e ig h t to  
ten  e xp e rim e n ts  se le c te d  to  m e e t th e  s tu d e n t's  
nee ds . S o m e s tress  is  p la c e d  on  in d e p e n d e n t w o rk  
b y  th e  s tuden t. A t the  leve l o f N u c le a r R a d ia tio n  D e ­
te c tio n  b y  Price.
IP 652  A d v a n c e d  N u c le ar and  R eactor  
L a b o ra to ry  S p ring . C re d it th re e  hou rs. Two 2 Vi- 
hou r a fte rn o o n  p e rio d s . P re requ is ites : IP651 and  
IP609 o r IP612. O ffe re d  on  in d e p e n d e n t s tu d y  b a s is  
or, if su ffic ien t d e m a n d , as  a fo rm a l course .
L a b o ra to ry  e x p e rim e n ts  an d  e x p e rim e n ta l m e th o d s  in 
n u c le a r p h y s ic s  a n d  re a c to r ph ys ics . Ten d iffe ren t 
e x p e rim e n ts  a re  a va ilab le , som e  u s in g  th e  Z e ro  
P ow er R e ac to r c r it ica l facility,
IP401 P h ys ic s  o f A to m ic  and  M o le cu la r  
P ro c e s s e s  Fall. C re d it th re e  hou rs. P re requ is ite : 
IP 4 6 1 , P h ys ics  443 , o r c o n se n t o f instructo r. T. Cool.
A n in tro d u c tio n  to  th e  b a s ic s  o f co n te m p o ra ry  p ro b ­
le m s  in th e  p h y s ic s  o f a to m ic  a n d  m o le c u la r  p ro c ­
esses, in c lu d in g  a to m ic  s truc tu re , ch e m ic a l b o n d in g , 
ra d ia tio n  re so n a n ce  p ro ce sse s , a n d  e la s tic  a n d  in ­
e la s tic  co llis ions .
I IP 705 Top ics in S ta tis tic a l P h y s ic s  Fall C red it 
th re e  hours. P re requ is ite : g e n e ra l fa m ilia rity  w ith  
s ta tis tica l m e c h a n ic s . M. S. N e lk in . N ot o ffe red  
19 7 5 -7 6 .
S e le c te d  to p ic s  of cu rre n t in te res t in s ta tis tica l 
p h ys ics . For exam p le , in 1974 the  s u b je c t w a s  the  
n o n lin e a r b e h a v io r of m a c ro s c o p ic  sys te m s d rive n  fa r 
from  th e rm a l e q u ilib r iu m ; the  p r im a ry  illu s tra tive  
e x a m p le s  w e re  from  flu id  m e c h a n ic s . I
IP 606 In tro d u ctio n  to  P lasm a P h ys ic s  (S am e as 
E le c trica l E n g ine e ring  IEE681.) Fall. C re d it th re e  
hou rs . T hree  le c tu re s . P re requ is ite : IP355, IP456, or 
eq u iva le n t. O p e n  to  fo u rth -ye a r s tu d e n ts  at d isc re tio n  
of instructor. R. N. Sudan.
P lasm a sta te ; m otion  of c h a rg e d  p a rtic le s  in fie lds; 
a d ia b a t ic  in varian ts , c o llis io n s , c o u lo m b  sca tte r in g ; 
L a n g e v in  e q u a tion ; tra n sp o rt coe ffic ie n ts , a m b ip o la r 
d iffus io n , p la sm a  o s c illa tio n s  a n d  w a ves; hyd ro - 
m a g n e tic  e q u a tio n s ; p la s m a  co n fin e m e n t, e n e rg y  
p r in c ip le s , a n d  m ic ro s c o p ic  in s ta b ilitie s ; te s t p a rt ic le  
in a p lasm a ; e le m e n ta ry  a p p lic a tio n s . A t th e  leve l of 
E le m e n ta ry  P lasm a  P h ys ics  b y  Lon gm ire .
IP 6 0 7  A d van ce d  P lasm a P h ys ic s  (S am e as  E le c ­
trica l E n g in e e rin g  IEE682.) S p ring . C re d it th re e  hours. 
T hree  le c tu re s . P re requ is ite : IP606. R. N.
Sudan.
B o ltzm a n n  an d  V lasov  e q u a tio n s ; m o m e n ts  o f k in e tic  
e q u a tio n ; C h e w -G o ld b e rg e r-L o w  th e o ry ; w a ve s  in hot 
p la sm a s ; L a n dau  d a m p in g . S o lu tion  o f th e  V lasov  
eq u a tio n  b y  c h a ra c te r is t ic s ; ion a c o u s tic  in s tab ility ; 
s tre a m in g  in s tab ilities ; B e rns te in  m odes ; in s ta b ilitie s  
du e  to  a n iso tro p ie s  in v e lo c ity  sp a ce ; g ra d ie n ts  in 
m a g n e tic  fie ld , tem p era tu re , a n d  density. A b so lu te  
a n d  c o n v e c tiv e  in s ta b ilitie s ; e ffe c ts  o f c o llis io n s  an d  
F o kke r-P la n ck  te rm s; m e th o d  o f d re s s e d  tes t p a rt i­
c le s ; h ig h -fre q u e n c y  c o n d u c tiv ity  an d  flu c tu a tio n s ; 
n e o c la s s ic a l to ro id a l d iffu s io m , re la tiv is tic  bea m s.
IP 608  P lasm a A s tro p h y s ic s  (S am e as  A s tro n o m y 
660 .) S p ring . C re d it tw o  hou rs. R. V. E. Love lace .
A  se le c tio n  o f to p ic s  a re  d is c u s s e d  in dep th : a) the 
g e n e ra tio n  o f no ise  b y  tu rb u le n c e  a n d  th e  h e a tin g  of 
the  so la r co rona ; th e  P a rker m ode l of th e  so la r w ind ; 
m a g n e tic  fie lds  in th e  c o ro n a  a n d  in in te rp la n e ta ry  
sp a ce ; flu c tu a tio n s  in th e  m a g n e tic  fie ld  a n d  p lasm a  
d e n s ity  o f th e  so la r w ind ; b ) th e  p ro p a g a tio n  o f c o s ­
7 4  A p p lied  and  E n g in eerin g  P h ys ics
m ic  rays  in ra n d o m ly  irre g u la r m a g n e tic  f ie lds  
(J o k ip ii’s theo ry ); th e  c o s m ic -ra y  s tre a m in g  in ­
s ta b ilit ie s  an d  re la te d  e ffe c ts  (th e o rie s  o f K u ls rud  a n d  
Pearce, W entze l, an d  S k illing ); an d  c )  th e  th e o ry  o f 
a lig n e d  ro ta ting  m a g n e to s p h e re s  ( th e o ry  o f G o ld re ic h  
an d  Ju lian ).
IP 6 1 9  M o le cu la r E n erg y  T ran s fer S p ring . C re d it 
th re e  hours. T. A. C ool.
F u n d a m e n ta ls  o f e n e rg y  tra n s fe r b y  m o le cu la r c o lli­
s io ns  in ga se s . E n e rg y  tra n s fe r m e ch a n ism s  in 
m o le c u la r  an d  ch e m ic a l lase rs . In te rm o le cu la r p o te n ­
tia l, d is p e rs io n  fo rce s , m u lt ip o le  m om e n t in te rac tion s , 
re p u ls ive  fo rce s . P rocesse s  fo r  in te rco n ve rs io n  o f 
v ib ra tio n , ro ta tion , an d  tra n s la tio n a l energy. P e rtu rb a ­
tion  m e th o d s  in v ib ra tio n a l e n e rg y  transfer. S u rvey  o f 
e xp e rim e n ta l d a ta  a n d  te c h n iq u e s  fo r  m e a su re m e n t 
o f ra tes  o f e n e rg y  tran s fe r: s h o c k  tu b e s , la se r- in d u c e d  
flu o re s c e n c e , la se r sch lie re n , o p t ic  a c o u s tic  e ffec t. 
T ransfer c h e m ic a l lase rs , v ib ra tio n -v ib ra tio n  p u m p in g , 
d is s o c ia tio n  lasers. Lase r d ia g n o s t ic s  o f c h e m ic a lly  
re a c tin g  sys tem s.
IP 622  E lectro n  M ic ro s c o p y  and  D iffraction
S p ring . C re d it th re e  hou rs. J. S ilcox.
A d is c u s s io n  o f se le c te d  to p ic s  in th e  a re a s  o f e le c ­
tron  m ic ro s c o p y  an d  d iffra c tio n , w ith  th e  m a jo r e m ­
p h a s is  on  m ic ro sco p y . P ro b a b le  to p ic s  in c lu d e : e la s ­
t ic  an d  in e la s tic  e le c tro n  s ca tte r in g  fro m  atom s, 
m o le cu le s , an d  a g g re g a te s  o f m atte r; n a tu re  o f im a g e  
fo rm a tio n  —  a m p litu d e , phase, an d  d iffra c tio n  c o n ­
tras t; reso lu tion ; m a g n e tic  d o m a in  s tru c tu re  as  a 
p h a se  g ra tin g  a n d  a to m ic  p la n e s  as  a  d iffra c tio n  g ra t­
ing ; k in e m a tica l 2 -b e a m , an d  n -b e a m  d yn a m ica l 
th e o rie s  o f p e rfe c t c rys ta ls ; p h e n o m e n o lo g ic a l tre a t­
m ent o f a b so rp tio n ; e x tens ion  to  im p e rfe c t c ry s ta ls —  
d iffra c tio n  co n tra s t from  d e fe c ts  su ch  as  d is lo ca tio n s , 
s ta ck in g  fau lts , co h e re n t a n d  in c o h e re n t p re c ip ita te s ; 
d is c u s s io n  o f in e la s tic  sca tte r in g ; in s tru m e n ta l and  
fu n d a m e n ta l lim ita tio n s  o n  so u rce  p ro p e rtie s  a n d  
im a g e  fo rm a tio n  c a p a b ilit ie s  a n d  reasons  fo r cu rre n t 
re se a rch  a c tiv itie s  d e v o te d  to e x te n d in g  th e  
ca p a b ilit ie s .
IP 621 , IP 623  E lec tro n  M ic ro s co p y: Im age F o rm a ­
tion , Im a g e P ro c ess in g , and A p p lic a tio n s  to  
B io m o le c u la r M a te ria ls  Fall.
T h is  c o u rs e  w ill be  g ive n  as  a p ro se m in a r d iv id e d  in to  
th re e  co h e re n t b u t se p a ra te  to p ic s , e a ch  fo u r to  five 
w e e ks  in d u ra tion . A ll th re e  s e c tio n s  m ay be  taken  as 
IP621 fo r th re e  c re d it h o u rs  o r as  IP 623  fo r on e  o r tw o  
c re d it hou rs  if th e  s tu d e n t w ish e s  to  ta ke  o n ly  one  or 
tw o  o f th e  to p ic s . P re requ is ite : co n s e n t o f instructor.
B. M. S iege l.
The th re e  to p ic s  a re  (in th e  o rd e r th e y  w ill be  d is ­
cu sse d ): (1 ) im a g in g  in th e  e le c tro n  m ic ro s c o p e  —  
th e  b a s ic  e le c tro n  o p tic a l sys tem , s p e c im e n -e le c tro n  
in te ra c tio n , im age  fo rm a tio n  a n d  o p tic a l tra n s fe r o f in­
fo rm a tion , p a ra m e te rs  d e te rm in in g  c o n tra s t a n d  re s ­
o lu tion ; (2 ) im a g e  p ro c e s s in g  —  m e th o d s  a n d  a p p li­
ca tio n s  o f co h e re n t o p tic a l im a g e  re co n s tru c tio n  and  
c o m p u te r  p ro ce ss in g , no ise  filte ring , tw o -d im e n s io n a l 
im a g e  res to ra tio n , d e te rm in a tio n  o f c o m p le x  s c a t­
te re d  w ave, o b je c t-s u p p o rt se p a ra tio n , th ree- 
d im e n s io n a l re co n s tru c tio n ; (3 ) a p p lic a tio n  o f e le c tro n  
m ic ro s c o p y  in b io m o le c u la r  in v e s tig a tio n s — cu rre n t 
le ve ls  o f o b se rva tio n , e xam p les , lim ita tio n s  set b y
b e a m  d a m a g e  a n d  s p e c im e n  p re p a ra tio n , p o s ­
s ib ilit ie s  an d  p ro s p e c t o f o b ta in in g  h ig h  reso lu tion  in ­
fo rm a tio n  ( le ss  th a n  th ir ty  A n g s tro m  un its).
IIP 601  P h o to s y n th e s is  (S am e  as  B io lo g ica l 
S c ie n c e s  5 4 5 .) Fall. C re d it tw o  hou rs. P re requ is ites : 
C h e m is try  104 o r 208 , M a th e m a tics  108, 111, o r 191, 
a n d  P h ys ics  102, 208 , o r  214 , o r c o n s e n t o f instructo r. 
Past o r  cu rre n t re g is tra tio n  in IP 605 is re co m m e n d e d . 
R. K. C lay ton . N o t o ffe re d  1 9 7 5 -7 6 .
A  d e ta ile d  s tu d y  o f th e  p ro c e s s  b y  w h ic h  p la n ts  use 
lig h t in o rd e r  to  grow , e m p h a s iz in g  p h y s ic a l an d  
p h y s ic o -c h e m ic a l a s p e c ts  o f th e  p ro b le m .]
IP 603  G en era l P h o to b io lo g y  (S am e  as  B io lo g ica l 
S c ie n c e s  547 .) Fall. C re d it tw o  hou rs. P re requ is ites : 
C h e m is try  104 o r 208 , M a th e m a tics  1 0 8 ,1 1 1 , o r 191, 
a n d  P h ys ics  102, 208 , o r 214 , o r c o n se n t o f instructor. 
R. K. C lay ton .
A  s tu d y  of th e  m a jo r in te ra c tio n s  b e tw e e n  lig h t and  
liv in g  m a tte r a s  e n c o u n te re d  in p h o to syn th e s is , 
v is io n , re g u la tio n  o f p h y s io lo g y  an d  d e ve lo p m e n t, 
b io lu m in e se n ce , a n d  d a m a g e  b y  u ltra v io le t an d  
v is ib le  ligh t.
IP 605  O p tic s  in B io lo g y  (S am e as  B io lo g ica l S c i­
e n c e s  405 .) Fall. C re d it tw o  hours. P re requ is ites : 
C h e m is try  104 o r 208 , M a th e m a tics  108, 111, o r 191, 
a n d  P h ys ics  102, 208 , o r 214 , o r c o n se n t o f instructor. 
R. K. C layton .
Lec tu res , p ro b le m s , d e m o n s tra tio n s , a n d  la b o ra to ry  
e x p e rie n c e  in a p p lic a tio n s  o f o p t ic s  to  b io log y . Top ics  
in c lu d e  g e o m e tr ic a l o p t ic s  as a p p lie d  to  illum ina tion  
sys tem s, m e th o d s  fo r s tu d y in g  b io lo g ic a l e ffe c ts  of 
ligh t, an d  a n a ly tica l uses  o f o p tic a l a b s o rp tio n  a n d  
flu o re sce n ce .
IP 3 0 6  T h e  P h ys ic s  o f L ife  S p rin g  C re d it th re e  
hou rs. Two le c tu re s . P re re q u is ite : P h ys ics  2 1 3  o r c o n ­
s e n t o f instructo r. A. Lew is.
Th is  cou rse , w h ic h  d e a ls  w ith  th e  p h y s ic s  o f life  w ith in  
th e  u n ity  a n d  in te rd e p e n d e n c e  o f liv in g  m atter, is 
am o n g  th e  e n g in e e r in g  c o re  sc ie n c e s . S ee  d e s c r ip ­
tio n  u n d e r D iv is ion  o f B a s ic  S tud ies .
IP 6 1 0  B io p h y s ic a l P ro c e s s e s  S p rin g . C re d it 
th re e  hou rs. P re re q u is ite : b a s ic  c o u rs e s  in b io log y , 
p h y s ic s , p h y s ic a l chem is try , o r m a th e m a tic s  s u ch  as 
IP323, P h ys ics  31 5  o r 341 , C h e m is try  390 , o r 
M a th e m a tics  422 , o r c o n s e n t o f ins truc to r. W. W.
W ebb.
In tro d u c tio n  to  p h y s ic a l a s p e c ts  o f b io lo g ic a l p ro c ­
esses; s ta tis tica l th e rm o d y n a m ic s  o f so lu tio n s  o f m a c ­
ro m o le c u le s  a n d  w e a k  e le c tro ly te s ; d is s ip a tiv e  
p ro ce sse s , d iffus ive , c o n ve c tive , e le c tro c h e m ic a l, 
a n d  c o u p le d  tra n sp o rt; c h e m ic a l k in e tic s ; m u ltip h a se  
sys te m s, c o llo id s  a n d  m e m b ra n e s ; m u lt ip h a se  
m a c ro s tru c tu re s ; so m e  p h ys ica l p ro b e s .
Chem ical Engineering
IH E101 N o n re s id e n t L e c tu re s  Fall O ne  le c tu re  
Staff
G iven  b y  le c tu re rs  in v ite d  from  in d u s try  a n d  from
C h em ica l E n g in eerin g  75
s e le c te d  d e p a rtm e n ts  of the  U n ive rs ity  fo r th e  p u r­
pose  of ass is tin g  s tu d e n ts  in th e ir  tra n s itio n  fro m  c o l­
le ge  to in d u s tria l life.
IH E 1 10  M ass and  En ergy  B a lan ces  E ither term . 
C re d it th re e  hou rs. P re requ is ite : on e  ye a r o f fresh m an  
c h e m is try  o r co n se n t o f instructo r. R. G. Thorpe. 
S e lf-p a ce d  a u d io v isu a l in s tru c tio n  in th e  m a te ria l of 
IH E 111. See d e s c r ip tio n  u n d e r D iv is ion  o f B as ic  
S tud ies.
IHE111 M ass and  E n erg y  B a lan ces  Fall. C re d it 
th re e  hours. T hree  le c tu re s , o n e  c o m p u tin g  sess ion. 
P re requ is ite : one  ye a r o f fre sh m a n  c h e m is try  o r c o n ­
sen t o f instructor. R. G. Thorpe .
E n g ine e ring  p ro b le m s  in vo lv in g  m a te ria l a n d  e n e rg y  
b a la n ce s . B a tch  a n d  co n tin u o u s  re a c tive  sys te m s in 
th e  s te a d y  a n d  u n s te a d y  sta tes. H u m id ifica tio n  
p rocesses . (See a lso  IH E 1 10.)
IHE311 E q u ilib ria  and  S taged  O p e ra tio n s  Fall. 
C re d it th re e  hours. T h re e  le c tu res , o n e  co m p u tin g  
sess ion . J. L. A n de rson .
P hase e q u ilib r ia  an d  p h a se  d ia g ra m s . The  e q u ilib ­
rium  stage, m a th e m a tica l d e s c r ip tio n  o f s in g le  and  
m u ltis ta g e  o p e ra tio n s , a n a ly tica l a n d  g ra p h ic a l so lu ­
tions.
IH E 312  C h em ica l E n g in eerin g  T h e rm o d y n a m ic s
Fall. C re d it th re e  hou rs. T h re e  le c tu res . P re requ is ites : 
IH E 3 1 1, C h em is try  287 , 288 . K. B. B ischoff.
A  s tu d y  o f th e  firs t a n d  s e co n d  law s w ith  a p p lic a tio n  
to  b a tc h  and  flow  p ro ce sse s . P hys ica l a n d  th e r­
m o d y n a m ic s  p ro p e rtie s , ava ilab ility , free  energy, 
ch e m ica l e q u ilib r iu m . A p p lic a tio n s  to  g a s  c o m p re s ­
sion, re fr ig e ra tio n , p o w e r g e n e ra tio n , a d ia b a tic  re a c ­
to rs , an d  ch e m ic a l p ro c e s s  d e ve lo p m e n t.
IHE321 M ate ria ls  S p ring . C re d it five  hou rs. Three  
le c tu re s , tw o  la b o ra to rie s . G. G. C ocks.
A n  in tro d u c tio n  to  th e  s tru c tu re  an d  p ro p e rtie s  of 
so lid  m a te ria ls . The p o la r iz in g  m ic ro s c o p e  is u se d  for 
e xa m in in g  m a te ria ls  in the  labora to ry. Top ics  in c lu d e : 
te s tin g  o f m ate ria ls , b o n d in g  of a tom s, c rys ta l s tru c ­
ture, pha se  tra n s fo rm a tio n , fo rm in g  an d  fa b rica tio n , 
p ro d u c tio n  of m a te ria ls , se le c tio n  o f m a te ria ls , and  
b e h a v io r un d e r se rv ic e  co n d it io n s . L a b o ra to ry  to p ic s  
in c lu d e : o p tic s  of th e  m ic ro sco p e , g e o m e tr ic a l and 
o p tic a l c rys ta llo g ra p h y , and  th e  p h y s ic a l ch e m ica l 
b e h a v io r o f m ate ria ls .
IH E 4 10  R eaction  K in e tic s  and  R e ac to r D esig n
S p ring . C re d it th re e  hou rs. T hree  le c tu res . P re re q u i­
site: IH E430. J. F S tevenso n .
A  s tu d y  of ch e m ic a l re a c tio n  k in e tic s  an d  p r in c ip le s  
o f re a c to r d e s ig n  fo r ch e m ic a l p ro ce sse s .
IH E 4 30  In tro d u ctio n  to  R a te  P ro c e s s e s  Fall 
C re d it th re e  hours. T hree le c tu res , one  co m p u tin g  
sess ion . P re requ is ites : IHE111 and  e n g in e e rin g  
m a th e m a tics  seq u e n ce . F R o driguez.
F un dam en ta ls  o f flu id  m e c h a n ic s  a n d  hea t transfe r; 
s o lu tions  to  p ro b le m s  in vo lv in g  v is c o u s  flow, hea t 
c o n d u c tio n  a n d  co n v e c tio n , d im e n s io n a l ana lys is , 
fr ic tio n  fa c to rs  a n d  hea t tra n s fe r coe ffic ie n ts , m a c ro ­
s c o p ic  b a la n ce s , e le m e n ta ry  a p p lica tio n s .
IHE431 A n a ly s is  o f S e p a ra tio n  P ro c e s s e s
S p ring . C re d it th re e  hou rs. T hree  le c tu re s , on e  c o m ­
p u tin g  sess ion . P re requ is ites : IH E 430 an d  fa m ilia rity  
w ith  FO RTR AN or PL/I. R. G. Tho rpe .
A n a ly s is  o f s e p a ra tio n  p ro c e s s e s  in vo lv in g  p h a se  
e q u ilib r ia  a n d  ra te  o f m ass tran s fe r; e x te n s ive  use of 
the  d ig ita l com pu te r. P hase  e q u ilib r ia ; b inary, m u lti- 
c o m p o n e n t, a n d  e x tra c tiv e  d is tilla tio n ; l iq u id - liq u id  e x ­
tra c tio n ; g a s  a b so rp tio n .
IH E 4 32  U n it O p e ra tio n s  L a b o ra to ry  Fall. C re d it 
th re e  hou rs. Two le c tu re s , on e  labora to ry. P re re q u is ­
ite: IH E430. R. L. VonB erg  a n d  staff.
La b o ra to ry  e x p e rim e n ts  in flu id  d yn a m ics , hea t an d  
m a ss  transfer. C o rre la tion  an d  in te rp re ta tio n  o f da ta . 
T ech n ica l re p o rt w riting .
IH E 4 33  P ro ject L a b o ra to ry  Fall a n d  sp rin g  
C re d it va ria b le . P re requ is ite : IHE432.
S p ec ia l la b o ra to ry  p ro je c ts  in vo lv in g  b e n c h -s c a le  o r 
p ilo t-p la n t e q u ip m e n t.
IH E461 C h em ica l P ro cess  E v a lu a tio n  Fall.
C re d it th re e  hours. H. F W ie g a n d t.
A  s tu d y  of the  im p o rta n t ch e m ica l p ro ce sse s .
IH E 4 62  C h em ica l P ro cess  S y n th e s is  S p ring  
C re d it fou r hours. J. C. Sm ith , R. L, V onBerg.
A  c o n s id e ra tio n  o f p ro c e s s  a n d  e c o n o m ic  a lte rn a tive s  
in se le c te d  ch e m ica l p ro ce sse s , a lo n g  w ith  
te c h n o lo g ic a l assessm en t.
IM E 563 P ro c e s s  E q u ip m e n t D es ig n  and  
E c o n o m ic s  Fall. C re d it th re e  hou rs . T h re e  le c tu re s . 
P re requ is ite : IH E 430  an d  IH E 4 3 1 , o r e q u iva le n t. J. C, 
S m ith  an d  staff.
P e rfo rm an ce , se le c tio n , an d  d e s ig n  o f p ro ce ss  
e q u ip m e n t; s to rin g , tra n s p o rtin g , m ix ing , h e a tin g , and  
se p a ra tin g  f lu id s  a n d  so lid s . M e th o d s  fo r  e s tim a tin g  
ca p ita l an d  o p e ra tin g  co s ts . P ro ce ss  d e ve lo p m e n t 
a n d  d e s ig n .
IH E 5 6 4  D e s ig n  o f C h e m ic a l R e a c to rs  a n d  M u l­
tip h a s e  C o n ta c tin g  S y s te m s  Fall. C re d it th re e  
hou rs. T hree  le c tu re s . P. H arrio tt.
D e s ign , sca le -u p , a n d  o p tim iz a tio n  o f c h e m ic a l re a c ­
to rs  w ith  a llo w a n ce  fo r hea t a n d  m ass transfer, 
no n id e a l flow, an d  c a ta ly s t a g in g . S e le c tio n  o f s ys ­
te m s  fo r g a s - liq u id -s o lid  c o n ta c tin g , in c lu d in g  s tirre d  
ta n ks  a n d  f lu id iz e d  bed s.
IH E 5 6 5  D es ig n  P ro jec t S p ring . C re d it th re e  o r s ix 
hou rs. P re requ is ites : IH E 563, IH E564. R. L. VonBerg 
a n d  staff.
D e s ig n  s tu d y  an d  e c o n o m ic  e va lu a tio n  o f a ch e m ic a l 
p ro c e s s in g  fac ility , a lte rn a tive  m e th o d s  o f m a n u fa c ­
ture , raw  m ate ria l p re p a ra tio n , fo o d  p ro c e s s in g , 
w a s te  d isp o sa l, o r som e  o th e r a s p e c t o f c h e m ica l 
p ro ce ss in g .
IH E 5 95 , IH E 5 96  S p ec ia l P ro jects  in C h em ica l 
E n g in e e rin g  E ither te rm . C re d it va riab le .
R e sea rch  o r s tu d ie s  on sp e c ia l p ro b le m s  in ch e m ica l 
e n g in e e rin g .
IH E611 P h ase E q u ilib ria  Fall. C re d it th re e  hours. 
T hree  le c tu re s . P re requ is ite : p h y s ic a l chem istry .
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A  d e ta ile d  s tu d y  o f the  p re ssu re -te m p e ra tu re - 
c o m p o s itio n  re la tio n s  in b in a ry  an d  m u lt ico m p o n e n t 
h e te ro g e n e o u s  sys te m s w h e re  seve ra l ph a se s  a re  o f 
v a r ia b le  co m p o s itio n . P re d ic tio n  o f p h a se  data .
IH E621 P e tro leu m  R e fin in g  Fall. C re d it th re e  
hours. Three  le c tu res . P re requ is ite : IHE430. H. F 
W ieg and t.
A  c r it ic a l a n a lys is  o f th e  p ro c e s s e s  e m p lo y e d  in 
p e tro leu m  re fin ing.
IH E 6 25  E c o n o m ic s  o f th e  C h em ica l 
E n terp rise  Sp ring . C re d it th re e  hou rs. T hree  le c ­
tu re s . P re requ is ite : IH E561.
R e sea rch  e co n o m ics , fe a s ib ility  s tu d ie s , in fo rm ation  
so u rce s ; v e n tu re  a na lys is ; p la n n in g .
IH E 6 27  N u cle ar and R e ac to r E n g in eerin g
S p ring . C re d it tw o  hours. Two le c tu re s . P re requ is ite : 
c o n s e n t of instructo r. R. L. Von Berg .
Fuel p ro c e s s in g  an d  iso to p e  d a m a g e , b io lo g ic a l e f­
fe c ts  an d  haza rds , sh ie ld in g , ra d ia tio n  chem istry .
IH E 6 2 8  In ven tio n s , P a ten ts , and  Trade S e cre ts
S p ring . C re d it th re e  hou rs. R. York.
P ro tec tion  o f in ve n tio n s  an d  tra d e  se c re ts . S ta tu to ry  
a n d  o th e r leve l re q u ire m e n ts  fo r p a te n ta b ility  o f in ve n ­
tions. E va lua tion  o f pa ten ts . R o le  an d  m a n a g e m e n t of 
pa te n ts  in p la n n in g  g ro w th  a n d  e xp a n s io n  in to  new  
p ro d u c t lines.
IH E 6 2 9  D e v e lo p m e n t E c o n o m ic s  S p ring . C re d it 
th re e  hou rs. R. York.
P lann ing , eva lua tion , a n d  m a n a g e m e n t o f d e v e lo p ­
m ent a c tiv itie s  in th e  p ro c e s s  in d u s trie s  as re la te d  to  
re se a rch , p ro c e s s in g , n e w  p ro d u c ts , m a rke ts , and  
lo n g -ra n g e  g row th .
IH E 6 3 0  N ew  S e p a ra tio n  T ec h n iq u es  Fall. C re d it 
th re e  hou rs. T h re e  le c tu res .
L ec tu res , p ro b le m s , an d  d e m o n s tra tio n s  o f new  o r 
less co m m o n  s e p a ra tio n  te c h n iq u e s  su ch  as 
c h ro m a to g ra p h y ; ion e xch a n g e , e le c tro p h o re s is , and 
m e m b ra n e  o p e ra tio n s ; a na lys is , d e s ig n , and  sca le - 
up.
(IH E 631  M ix ing  an d  M ec h a n ic a l S e p a ra tio n s
Fall. C re d it th re e  hours. T h re e  le c tu res . P re requ is ite : 
IH E 430 o r c o n se n t o f instructo r. N o t o ffe red  1 9 7 5 -7 6 . 
P rin c ip le s  of m ix in g  o f ga se s , liq u id s , a n d  so lids ; a g i­
ta tion , so lid  s u sp e n s io n ; g a s  d is p e rs io n  a n d  ch e m ic a l 
reac tion ; filtra tion ; se d im e n ta tio n ; s p e c ia l m e ch a n ica l 
s e p a ra t io n s ]
IH E 6 40  P o lym eric  M ate ria ls  Fall. C re d it th ree  
hou rs. Th ree  le c tu res . F R o d riguez .
C h e m is try  a n d  p h y s ic s  o f th e  fo rm a tio n  a n d  c h a ra c ­
te riza tio n  o f po lym e rs . P rin c ip le s  o f fa b rica tio n .
IH E641 P ro p erties  o f P o lym er M ate ria ls  S p ring . 
C re d it on e  to  th re e  hou rs. T hree  le c tu res . P re re q u i­
s ite : IH E 6 40  a n d /o r  IHE430. J. F S tevenso n , F R o d ­
riguez .
P o lym er rheo logy : m e a su re m e n t o f m a te ria l fu n c tio n s , 
g e n e ra lize d  N e w to n ia n  m o d e ls , lin e a r a n d  n o n lin e a r 
v isco e la s tic ity . S p e c ia l to p ic s  in p o ly m e ric  m a te ria ls .
IH E 6 4 2  P o lym eric  M a te ria ls  L a b o ra to ry  S p rin g  
C re d it tw o  o r th re e  hou rs. O ne  o r tw o  la b o ra to rie s . 
P re requ is ite : IHE640. F R o d riguez .
E xp e rim e n ts  in th e  fo rm a tion , c h a ra c te r iz a tio n , fa b r i­
c a tio n , an d  te s tin g  o f po lym e rs .
IH E 6 4 3  E n g in eerin g  A n a ly s is  o f P h ys io lo g ica l 
S y s te m s  S p rin g . C re d it th re e  hou rs . K. B. B ischoff,
J. F S tevenson .
E n g in e e rin g  a n a lys is  a n d  m a th e m a tica l d e s c r ip tio n  of 
flow, tra n s p o rt p h e n o m e n a , an d  ch e m ic a l re a c tio n s  
in vo lve d  in p h y s io lo g ic a l sys tem  fu n c tio n . C e ll a n d  
b o d y  f lu id  p ro p e rtie s , th e  c irc u la to ry  sys tem  and  
b lo o d  flow, rena l sys tem  m ode ls , tra n s p o rt o f d ru g s  
a n d  o th e r so lu te s , a rtific ia l o rg a n  d e s ig n .
IH E 6 4 4  F erm en ta tio n  E n g in e e rin g  Fall. C re d it 
th re e  hou rs . Two le c tu re s , on e  re c ita tio n . P re re q u i­
s ites  o r co re q u is ite s : C h e m is try  2 8 8  an d  a n y  c o u rs e  
in m ic ro b io lo g y .
An a d v a n c e d  d is c u s s io n  o f fe rm e n ta tio n  as  a un it 
p ro ce ss . T op ics  in c lu d e  s te riliza tio n , a e ra tion , a g ita ­
tion , an d  co n tin u o u s  fe rm e n ta tio n .
IH E 6 4 5  In d u stria l M ic ro o rg a n is m s  S p ring . C red it 
tw o  hou rs. P re requ is ites : o rg a n ic  c h e m is try  a n d  p h y s ­
ica l chem istry .
A  b r ie f in tro d u c to ry  c o u rs e  in m ic ro b io lo g y  fo r  s tu ­
de n ts  w ith  a  g o o d  b a c k g ro u n d  in chem istry .
IH E 6 4 7  W as te w a te r E n g in e e rin g  in th e  P ro c ess  
In d u s trie s  Fall. C re d it th re e  hou rs. P re requ is ites : 
o rg a n ic  a n d  p h y s ic a l ch e m is try ; IH E 430  o r e q u iv a ­
lent. M. L. Shuler.
In tro d u c tio n  to  g e n e ra l a n d  le ga l p ro b le m s  o f p o llu ­
tion  co n tro l, in c lu d in g  som e  d e s c r ip tiv e  te chno logy . 
M a jo r e m p h a s is , how ever, is on  th e  q u a n tita tiv e  e n ­
g in e e r in g  a s p e c ts  o f d e s ig n  a n d  o p e ra tio n . B o th  
b io lo g ic a l a n d  p h y s ic a l c h e m ic a l m e th o d s , as  th e y  
a p p ly  to  th e  tre a tm e n t o f s tro n g  a n d  s p e c ia l w a s te s  
fro m  th e  c h e m ic a l an d  a llie d  in d u s trie s , a re  
d is c u s s e d .
IH E 6 4 8  P o ly m e r P ro c e s s e s  S p rin g . C re d it th re e  
hou rs. T h re e  le c tu res . P re requ is ite : IH E 6 40  o r c o n ­
s e n t o f ins truc to r. F R o d riguez .
P ro d u c tio n  a n d  a p p lic a tio n s  o f p o lym e rs . D iscu ss io n  
o f s ta b iliz a tio n  a n d  d e g ra d a tio n , in c lu d in g  p ro c e s s e s  
fo r  re c y c lin g  a n d  d is p o s a l o f p la s tic s  a n d  re la te d  
p ro d u c ts ,
IH E651 N u m e rica l M e th o d s  in C h em ica l 
E n g in e e rin g  Fall. C re d it th re e  hou rs . T hree  le c ­
tu re s . G . F S chee le .
S o lu tio n  o f s in g le  a n d  sys te m s  o f a lg e b ra ic  e q u a ­
tions, p o lyn o m ia l a p p ro x im a tio n , in te g ra tio n , in tro d u c ­
to ry  s ta tis tic s , in itia l a n d  b o u n d a ry  va lu e d  o rd in a ry  d if ­
fe re n tia l e q u a tio n s , m a tr ix  m e th o d s , p a ra m e te r e s ti­
m a tion , e m p ir ic a l co rre la tio n . E xa m p le s  a re  ch o se n  
fro m  c h e m ic a l e n g in e e r in g  a p p lic a tio n s .
IH E671 P ro c ess  C o n tro l S p ring . C re d it th re e  
hou rs. Two le c tu re s , on e  labora to ry . P re requ is ite : 
IH E430. M. L. Shuler.
D yn a m ic  re s p o n s e  o f p ro c e s s e s  a n d  co n tro l in s tru ­
m ents . U se  o f f re q u e n c y  re s p o n s e  an a lys is . L a p la c e
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tra n s fo rm s  and  e le c tro n ic  a n a lo g s  to  p re d ic t the  b e ­
hav io r o f fe e d b a c k  co n tro l sys tem s.
I IH E 6 7 2  A p p lied  S u rface  C h e m is try  S p ring  
C re d it th re e  hou rs. N ot o ffe re d  1 9 7 5 -7 6 .
A s p e c ts  of s u rfa ce  c h e m is try  a n d  p h y s ic s  th a t a ffec t 
e n g in e e rin g  p ra c tice . B o th  e q u ilib r iu m  a n d  d y n a m ic  
c o n c e p ts  a re  co ve re d . T op ics  in c lu d e  ca p illa rity , c o n ­
ta c t a n g le  p h e n o m e n a , c r it ic a l su r fa c e  te n s io n , a b ­
so rp tio n , M a ra n g o n i e ffec ts , c o a le sce n ce , e le c - 
tro k in e tic  p h e n o m e n a  a n d  c o llo id  s tab ility , b io m a te ­
ria ls  a n d  co m p a ta b ility , an d  hea t a n d  m ass tra n s fe r at 
m o b ile  in te rfa ce s . B o th  flu id -s o lid  a n d  flu id -f lu id  in te r­
fa c e s  a re  c o n s id e re d .]
IH E 6 80  C h em ica l M ic ro s c o p y  Fall. C re d it th re e  
hours. O ne  lectu re , tw o  la b o ra to rie s . G. G. C o cks .
The  use  o f th e  lig h t m ic ro s c o p e  to  in ve s tig a te  c h e m i­
ca l p ro b le m s  in b io lo g ic a l o r n o n b io lo g ic a l sys tem s. 
T op ics  in c lu d e : the  o p t ic s  of th e  m ic ro sco p e , ty p e s  of 
m ic ro s c o p e s  (tra n sm iss io n , re flec tion , p o la r iz in g , in­
fe re nce , p h a se  and  d a rk  fie ld ), the  p re p a ra tio n  of 
sp e c im e n s , q u a lita t ive  an d  q u a n tita tiv e  ana lys is , c ry s ­
ta llo g ra p h y , and  p h o to m ic ro g ra p h y .
IH E681 E lectro n  M ic ro s c o p y  Fall. C re d it th re e  
hours. O ne  lectu re , tw o  la b o ra to rie s . P re requ is ite : 
IH E 680 o r sp e c ia l p e rm iss io n . G. G. C o cks .
An in tro d u c to ry  c o u rs e  d e s ig n e d  to  te a c h  th e  s tuden t 
how  to  use th e  e le c tro n  m ic ro sco p e . T op ics  in c lude : 
o p tic s  o f th e  m ic ro sco p e , th e  use a n d  m a in te n a n ce  of 
the  m ic ro sco p e , s p e c im e n  p re p a ra tiv e  te c h n iq u e s  
(subs tra tes , p a rticu la te s , re p lica tio n , m icro tom y, e le c ­
tron  d iffra c tio n , an d  th in n in g  o f m eta ls), p h o to ­
m ic ro g ra p h ic  te ch n iq u e s , an d  th e  in te rp re ta tio n  of 
m ic ro g ra p h s .
IH E 6 82  A d van ce d  C h em ica l M ic ro s c o p y  O ffe red  
o n  d e m a n d  e ithe r te rm . C re d it va riab le . P re requ is ite : 
IH E680 a n d /o r sp e c ia l p e rm iss io n . G. G. C ocks.
Th is  is  p r im a rily  a p ro je c ts  c o u rse  a n d  o ffe rs  th e  s tu ­
d e n t th e  o p p o rtu n ity  e ith e r to  learn  m o re  a b o u t m ic ro ­
s c o p e s  an d  th e ir  use  o r to  a p p ly  th e  te c h n iq u e s  of 
m ic ro s c o p y  to  the  in ve s tig a tio n  of to p ic s  o r p ro b le m s  
o f sp e c ia l in te rest.
IH E 6 83  L a b o ra to ry  in O p tica l C ry s ta llo g ra p h y
Fall. C re d it va riab le . Two la bo ra to ries ; le c tu re  g ive n  
as  p a rt o f on e  labora to ry . Th is  c o u rs e  p a rt ia lly  d u p li­
c a te s  th e  la b o ra to ry  o f IH E 3 2 1 , and  is  no t o p e n  to  
s tu d e n ts  w h o  have  ta ke n  tha t cou rse . It is th e  norm al 
la b o ra to ry  fo r the  g e o lo g ic a l s c ie n c e s  c o u rse  IG E355, 
b u t is o p e n  to  s tu d e n ts  w h o  w a nt to  ta ke  th e  la b o ra ­
to ry  only. G. G. C o cks .
An in tro d u c tio n  to  g e o m e tr ic a l and  o p tic a l c ry s ta llo ­
g ra p h y  fo r m in e ra lo g is ts , w ith  in s tru c tio n  in th e  use of 
th e  p o la r iz in g  m ic ro sco p e . T o p ics  in c lu d e  th e  o p t ic s  
o f the  p o la r iz in g  m ic ro sco p e , and  g e o m e tr ic a l an d  
o p tica l c rys ta llog rap hy .
IH E 692 , IH E 693, IH E 6 94  R e search  P ro ject Fall 
an d  sp rin g . C re d it th re e  hou rs; a d d it io n a l c re d it  b y  
sp e c ia l p e rm iss io n . P re requ is ite : IHE430.
R e sea rch  on  an o rig in a l p ro b le m  in ch e m ica l 
e n g in e e rin g .
IH E711 A d v a n c e d  C h em ica l E n g in eerin g  
T h e rm o d y n a m ic s  Fall. C re d it th re e  hou rs. T hree 
le c tu re s . P re requ is ite : IH E 312 o r e q u iva le n t. R. York. 
A p p lic a tio n  of ge n e ra l th e rm o d y n a m ic  m e th o d s  to 
a d v a n c e d  p ro b le m s  in c h e m ic a l e n g in e e rin g . E va lua ­
tion , e s tim a tion , an d  c o rre la tio n  o f p ro p e rtie s ; c h e m i­
c a l a n d  p h a se  e q u ilib r iu m .
IIH E 7 1 2  R e ac to r D es ig n  S p ring . C re d it th re e  
hou rs. N ot o ffe re d  19 7 5 -7 6 .
E ffec ts  o f hea t transfer, d iffus io n , a n d  n o n id e a l flo w  on 
re a c to r pe rfo rm a n ce . O p tim u m  d e s ig n  fo r c o m p le x  
reac tions . A n a lys is  of cu rre n t lite ra tu re  on  to p ic s  su ch  
as  p a rtia l o x id a tio n , c a ta ly t ic  c ra c k in g , h y d ro g e n a ­
tion , an d  p o lym e riza tio n .]
IH E 7 1 3  A d van ce d  C h em ica l E n g in e e rin g  
K in e tic s  Fall. C re d it th re e  hou rs. T hree  lec tu res . 
P re requ is ite : IH E 410  o r e q u iva le n t. P. H arrio tt. 
F u n d a m e n ta ls  o f h o m o g e n e o u s  re a c tio n s  an d  
h e te ro g e n e o u s  ca ta lys is . D e ve lo p m e n t o f k in e tic  rate 
e x p re s s io n s  fo r h o m o g e n e o u s  an d  h e te ro g e n e o u s  
sys tem s. E ffec ts  o f d iffu s io n  an d  te m p e ra tu re  g ra ­
d ie n ts . P ro b le m s  in in te rp re ta tio n  o f d a ta  fo r real 
sys tem s.
IH E 7 14  D iffus ion  in M e m b ra n e s  an d  P o ro us  
S o lid s  S p ring . C re d it tw o  hours.
T he o ries  fo r d iffu s io n  o f g a s e s  an d  liq u id s  in p o ro u s  
so lid s , p o ro u s  m e m b ra n e s , an d  d e n se  m e m b ra n e s . 
P ro b le m s in a n a lys is  a n d  c o rre la tio n  o f e xp e rim e n ta l 
resu lts .
IH E731 A d v a n c e d  Tran sp o rt P h e n o m e n a
S p ring . C re d it th re e  hours. G. F Schee le .
A n  in te g ra te d  tre a tm e n t o f m o m e n tu m , m a ss  and  
hea t transfer. M o le cu la r tra n sp o rt, the  e q u a tio n s  of 
ch a n g e , v is co u s  la m in a r flow  o f N e w to n ia n  an d  non- 
N e w to n ia n  flu ids , p e rfe c t flu id  theory, b o u n d a ry  la ye r 
theory, u n s te a d y -s ta te  transfer, p e n e tra tio n  theory, 
m o d e ls  o f m ass a n d  hea t transfer, flow  s ta b il ity  tu rb u ­
len t tra n sp o rt, s im u lta n e o u s  hea t a n d  m a ss  transfer, 
a p p lic a tio n s  to  in dustria l o pe ra tio ns .
IH E751 M eth o d s o f C h em ica l E n g in e e rin g  
A n a ly s is  Fall. C re d it th re e  hou rs. M ay b e  taken  b y  
u n d e rg ra d u a te s  w ith  th e  p e rm iss io n  o f th e  instructo r. 
K. B. B ischoff, J. F S tevenson .
M e th o d s  o f m a th e m a tica l a n a lys is  of d ire c t a p p lic a b il­
ity  in th e rm o d y n a m ic s , tra n s p o rt p h e n o m e n a , and  
c h e m ic a l re a c to r d e s ig n .
IH E 7 9 0  S e m in a r Fall an d  sp rin g . C re d it on e  hour. 
G ene ra l ch e m ic a l e n g in e e r in g  se m in a r re q u ire d  of all 
g ra d u a te  s tu d e n ts  m a jo rin g  in th e  F ie ld  o f C h em ica l 
E ng ine e ring .
IH E 891 , IH E 892 , IH E 8 93  T h e s is  R e search  E ither 
term .
T he s is  re se a rch  fo r th e  M aste r of S c ie n ce  d e g re e  in 
ch e m ic a l e n g in e e rin g .
IH E 9 9 1 , IH E 992 , IH E 9 93 , IH E 994 , IH E 9 95  T h e s is  
R e search  E ither te rm .
T he s is  re se a rch  fo r th e  Ph.D . d e g re e  in ch e m ica l 
e n g in e e rin g .
78  C iv il an d  E n v iro n m e n ta l E n g in eerin g
Civil and Environmental 
Engineering
The co u rse s  in c iv il an d  e n v iro n m e n ta l e n g in e e r in g  
a re  lis ted  u n d e r th e  fo llo w in g  h e a d in g s : P ro fe ss io n a l 
P ra c tice ; E n v iro n m e n ta l S e ns ing , M e a su re m e n t, a n d  
E va lu a tio n ; E n v iro n m e n ta l E n g in e e rin g  (E n v iro n m e n ­
ta l Q u a lity  E n g in e e rin g , F lu id  M e c h a n ic s  a n d  H y d ro l­
ogy, P u b lic  a n d  E n v ironm enta l S ys tem s E n g in e e rin g , 
T ra n sp o rta tio n , a n d  W ater R e so u rce s  P lann ing  an d  
A n a lys is ); a n d  S tru c tu ra l E n g in e e rin g  (A na lys is , B e­
havior, an d  D e s ig n ; S tru c tu ra l M ate ria ls ; a n d  Soil 
M e ch a n ics  a n d  Fou nda tions).
Professional Practice
IIK 502  C iv il a n d  E n v iro n m e n ta l E n g in eerin g  
P rac tice  O n d e m a n d . C re d it th re e  hou rs. P re re q u i­
site: fo u rth  yea r o r g ra d u a te  s ta n d in g . Staff.
A n a lys is  of la rg e  e n g in e e r in g  w o rks , p la n n in g  an d  
o rg a n iz in g  e n g in e e rin g  a n d  c o n s tru c tio n  p ro je c ts , 
p ro fe ss io n a l p ra c tice , fe a s ib ility  e va lu a tio n s , financia l 
ju s tifica tio n  of p ro je c ts , so c ia l a n d  p o lit ic a l im p lic a ­
tions . The c a se  m e th o d  is u se d  ex tensive ly .
IIK 510  C iv il and  E n v iro n m e n ta l E n g in eerin g  D e­
s ign  P ro jec t I Fall. C re d it o n e  o r tw o  hou rs. N o r­
m a lly  re q u ire d  fo r s tu d e n ts  in th e  M .E ng. (C iv il) p ro ­
g ra m . Staff.
F irst te rm  o f a  tw o -te rm  seq u e n ce . D e s ign  of a m a jo r 
c iv il e n g in e e rin g  p ro je c t e m b o d y in g  severa l a s p e c ts  
o f c iv il e n g in e e rin g . P lann ing  an d  p a rt o f p re lim in a ry  
d e s ig n  to  b e  a c c o m p lis h e d  in th e  fa ll te rm ; re m a in d e r 
o f p re lim in a ry  d e s ig n  a n d  fina l d e s ig n  in th e  w in te r 
in te rsess ion . P ro je c ts  to  b e  c a rrie d  o u t b y  s tu d e n ts  
w o rk in g  un d e r th e  d ire c tio n  o f a fa c u lty  p ro je c t c o o r­
d inator.
IIK 511 C iv il and  E n v iro n m e n ta l E n g in eerin g  
D esig n  P ro jec t II S p ring . C re d it th re e  hours. Pre­
requ is ite : IIK510. N o rm a lly  re q u ire d  fo r s tu d e n ts  in 
the  M .E ng. (C iv il) p ro g ra m . C o n tin u a tio n  o f IIK510. 
Staff.
I IK 5 2 0 -5 2 1  P ro fess io n a l P ra c tic e  in E n ­
g in e e rin g  Fall: IIK520. S p ring : IIK521. C re d it th re e  
h o u rs  a  te rm . R e q u ire d  o f e a ch  c a n d id a te  fo r the  
M .E ng. (C iv il) d e g re e . E n ro llm en t lim ite d  to  c a n d i­
d a te s  fo r th e  p ro fe ss io n a l M a s te r of E n g ine e ring  d e ­
g rees.
The  o b je c tiv e  is  to  in tro d u c e  th e  s tu d e n t to  th e  b u s i­
ness, p ro fess ion a l, an d  m a n a g e ria l a s p e c ts  o f th e  
p ro fe ss io n a l p ra c t ic e  of e n g in e e rin g . E m p h a s is  is 
p la c e d  up o n  le g a l, finan c ia l, soc ia l, a n d  e th ica l a s ­
p e c ts . O th e r to p ic s  in c lu d e : p e rso n n e l m a n age m en t, 
la b o r re la tions, p ro fe ss io n a l re g is tra tio n  a n d  o rg a n iz a ­
tions , and  e n g in e e r in g  co m m u n ica tio n s .
IIK 801 T h e s is  The th e s is  g ive s  th e  s tu d e n t an  o p ­
p o rtu n ity  to  w o rk  ou t a  sp e c ia l p ro b le m  o r m ake  an 
e n g in e e r in g  in ve s tig a tio n , to  re co rd  th e  re su lts  o f his 
o r he r w ork, an d  to  o b ta in  a c a d e m ic  c re d it  fo r such  
w o rk. R e g is tra tion  fo r the  th e s is  m ust b e  a p p ro v e d  by  
th e  p ro fe sso r in c h a rg e  a t th e  b e g in n in g  o f th e
s e m e s te r d u r in g  w h ic h  th e  w o rk  is  to  b e  done. Top ics  
a re  se le c te d  by  a g re e m e n t b e tw e e n  th e  p ro fe sso r 
a n d  th e  s tuden t. T h e y  a re  in te n d e d  to  b e  p u rs u e d  
u n d e r th e  im m e d ia te  d ire c tio n  o f th e  p ro fe s s o r in 
ch a rg e , th e  s tu d e n t u su a lly  b e in g  fre e  fro m  th e  re ­
s tric tio n  o f th e  c la s s ro o m  a n d  w o rk in g  e ith e r  in d e ­
p e n d e n tly  o r in c o n ju n c tio n  w ith  o th e rs  p u rs u in g  th e  
sa m e  to p ic .
Environmental Sensing, Measurement, 
and Evaluation
IIA 1 5 3  P rin c ip le s  o f N a v ig a tio n  Fall. C re d it fou r 
hou rs. T hree  le c tu res , d is c u s s io n  p e rio d , a n d  p ro je c t 
w o rk . A . J. M cNair.
C o o rd in a te  sys tem s, ch a rt p ro je c tio n s , n a v ig a tio n a l 
a ids , in s trum en ts , c o m p a s s  o b se rva tio n s , t id e s  a n d  
c u rre n ts , s o u n d in g s . C e les tia l n a v ig a tio n : tim e, s p h e r­
ica l trigonom e try , m o tion  o f th e  s ta rs  a n d  sun. s ta r 
id e n tifica tio n , p o s itio n  fix ing , use  of N a u tica l A lm a n a c . 
E le c tro n ic  nav ig a tio n .
IIA 3 8 0  E n g in e e rin g  S u rv e y in g  a n d  E v a lu a tio n
Fall. C re d it th re e  hou rs . Two le c tu re s , o n e  labora to ry . 
In te n d e d  fo r ju n io rs  as  an  in tro d u c to ry  course . Staff, 
S u rvey ing : b a s ic  p r in c ip le s  o f g e o m e tr ic  m e a su re ­
m ents , in c lu d in g  e rro rs  a n d  a d ju s tm e n t; m o d e rn  su r­
v e y in g  in s tru m e n ts  a n d  p ro c e d u re s  fo r m e a su rin g  
a n d  la y in g  ou t a n g le s , d is ta n ce s , a reas , a n d  v o l­
um es; use o f c o o rd in a te  sys te m s a n d  m o d e rn  m a p ­
p in g  m e th o d s  fo r th e  a c q u is it io n  a n d  d is p la y  o f ea rth  
re s o u rce s  da ta . E va lua tion : s ig n if ic a n c e  o f the  severa l 
c o m p o n e n ts  o f th e  p h ys ica l e n v iro n m e n t in e n g in e e r­
in g  p ro je c ts ; a sse ssm e n t o f in fo rm a tion  a b o u t these  
c o m p o n e n ts  from  m a p s , a irp h o to s , an d  g ro u n d  d a ta ; 
la nd  in ve n to ry  sys tem s.
IIA 651 F ie ld  A s tro n o m y  O n d e m a n d . C re d it tw o  
hou rs . O ne  le c tu re , o n e  la b o ra to ry  ( in c lu d in g  even ing  
o b se rva tio n s ). P re re q u is ite : IIA380, o r e q u iv a le n t w ith  
co n se n t o f instructo r. G. B. Lyon.
T he o ry  a n d  p ra c t ic e  in th e  d e te rm in a tio n  o f p o s ition  
(la t itu d e  an d  lo n g itu d e ) o f p o in ts  an d  d ire c tio n s  
(a z im u th ) o f lines  on  th e  ea rth  b y  o b s e rv a tio n  o f c e ­
les tia l bo d ie s . T op ics  in c lu d e : s te lla r a n d  g e o g ra p h ic  
c o o rd in a te  sys tem s, use o f s ta r c a ta lo g s , m e a su re ­
m en t o f tim e, an d  p e rtin e n t o b s e rv a tio n  a n d  c o m p u ta ­
tio n  p ro ce d u re s .
IIA 6 5 2  G e o m e tric  D a ta  A d ju s tm e n ts  O n d e ­
m and . C re d it th re e  hou rs. T hree  le c tu re -d is c u s s io n  
pe rio d s . P re re q u is ite s : M a th e m a tic s  2 9 3  a n d  IIA 3 80  
a n d  IO R 260, o r e q u iv a le n t w ith  c o n s e n t o f instructo r. 
G. B. Lyon .
T h e o ry  a n d  p ra c t ic e  o f th e  a d ju s tm e n t o f g e o m e tr i­
ca lly  co n s tra in e d  o b s e rv a tio n s  w ith  e m p h a s is  u po n  
su rve y in g  a p p lic a tio n s . T op ics  in c lu d e : e rro r theory, 
m in im u m  v a ria n ce  a n d  o th e r b a se s  fo r a d ju s tm e n t of 
ob se rva tio n s , and  th e  e va lu a tio n  o f the  p re c is io n  o f 
th e  re su lts  o f s u c h  o b se rva tio n s .
IIA 656  B o u n d a ry  S u rv e y s  S p ring . C re d it th re e  
hours. T hree  le c tu res . P re requ is ite : IIA 3 8 0  o r A g r ic u l­
tu ra l E n g in e e rin g  221 , o r e q u iva le n t w ith  c o n se n t o f 
instructo r. A. J. M cN air.
Civil a n d  E n v iro n m e n ta l E n g in eerin g  79
The lega l p r in c ip le s  c o n tro llin g  th e  lo ca tio n  of land  
b o u n d a rie s . Top ics  in c lu d e : h is to r ica l d e ve lo p m e n t 
a n d  m e th o d s  o f o r ig in a l la nd  su rveys ; m e te s  a n d  
b o u n d s , U.S. p u b lic  la nd  an d  o th e r su b d iv is io n s ; 
b o u n d a ry  re tra ce m e n t an d  res to ra tio n  of los t p ro p e rty  
co rn e rs , U. T M. a n d  S ta te  P lane  C o o rd in a te  S ys­
tem s; m ine ra l la nd  su rveys ; r ip a r ia n  an d  litto ra l righ ts ; 
an d  th e  re s p o n s ib ilit ie s  of lic e n s e d  su rveyo rs .
IIA 661 P h o to g ra m m e try  Fall. C re d it th re e  hours. 
Tw o le c tu res , one  labora to ry . P re requ is ite : c o n se n t of 
instructor. A. J. M cN air.
P rin c ip le s  of te rres tria l, ae ria l, and  s p a c e  p h o to ­
g ram m etry , g e o m e try  o f a p h o to g ra p h ; tilt an d  re lie f 
d is p la c e m e n ts ; p a ra lla x  d is to rtions ; c o n tro l re q u ire ­
m ents ; flig h t p la n n in g . S te reo  p lo ttin g ; re la tive  and  
a b so lu te  o rien ta tio n ; u se  o f B a u sch  an d  Lo m b  
B a lp lex , W ild  A -9  A u to g ra p h , a n d  Z e iss  s te re o m e tr ic  
c a m e ra  in c lu d in g  T e rrag raph  p lotter. G e o m e try  o f re ­
m o te  sensors.
IIA 662  A n a ly tic  A e ro tria n g u la tio n  S p ring . C re d it 
th re e  hours. Two le c tu re s , one  labora to ry . P re re q u i­
site: IIA661. A. J. M cNair.
C o p la n a rity  an d  co lin e a rity  m a th e m a tica l e q u a tio n s  
fo r p e rfo rm in g  sp a tia l so lu tio n s  fo r re se c tio n  and  
o rien ta tio n  fo r s in g le  pho to , s te re o  pair, trip le t, s trip , 
s u b -b lo ck , and  b lo c k  c o v e ra g e s  of va r io u s  ty p e s  of 
su rfa ce s  fo r w h ich  p o s itio n in g  is  soug h t. S te reog ram  
a s s e m b la g e  a n d  c o o rd in a te  tra n s fo rm a tio n  of s trip  
an d  b lo c k  c o o rd in a te s . S o lu tion s  o f la rg e  re c ta n g u la r 
m a tr ice s  in pho tog ram m etry .
IIA 671 G eo d esy  S p ring . C re d it th re e  hours. T hree 
le c tu res . P re requ is ite : co n s e n t o f instructor. A. J. 
M cNair.
The fig u re  o f th e  ea rth  an d  the  p re c is e  de te rm in a tio n  
of p o s ition  on  o r nea r th e  e a rth 's  su rface . F u n d a m e n ­
ta ls  of g e o m e tr ic  geo desy, p h ys ica l geo desy, sa te llite  
geodesy, a n d  m a p  p ro je c tio n s .
IIA 685  P h ys ic a l E n v iro n m e n t E v a lu a tio n  Fall 
C re d it th re e  hours. Two le c tu res , one  labora to ry . P re­
requ is ite : co n se n t of in s tru c to rs . T  L iang , D. J. 
Be lcher.
A  s tu d y  o f p h ys ica l e n v iro n m e n t and  re so u rce s  fa c ­
to rs  a ffe c tin g  e n g in e e rin g  a n d  p la n n in g  d e c is io n s  
a n d  m e th o d s  o f e va lu a tin g  th e se  fa c to rs . P hys ica l 
fa c to rs  in c lu d e  th e  c lim a te , so il a n d  ro c k  c o n d itio n s , 
a n d  w a te r re so u rce s  in d iffe ren t p a rts  o f th e  w o rld . 
Eva lua tion  m e th o d s  in c lu d e  fie ld  re co n n a issa n ce , in ­
te rp re ta tio n  of m e te o ro lo g ica l, to p o g ra p h ic , g e o lo g i­
ca l, a n d  soil m aps, a n d  use  o f ae ria l p ho tog raph y , 
e n g in e e rin g  da ta , a n d  s u b s u rfa c e  e xp lo ra tio n  
re co rd s . D isp la y  a n d  p re sen ta tion .
IIA 686  A d v a n c e d  P h ysic a l E n v iro n m en t  
E v a lu a tio n  S p ring . C re d it th re e  hou rs. Two le c tu res , 
one  labora to ry, P re requ is ite : IIA 6 85  o r IIA 6 87  o r c o n ­
sen t of in s truc to rs . T L iang , D. J. B e lcher.
A s tu d y  of p h ys ica l e n v iro n m e n t a n d  re so u rce s  by  
use o f ae ria l p h o to g ra p h y  an d  o th e r rem o te  se ns ing  
m e th ods . C o nven tiona l p h o tog raph y , seq u e n tia l 
pho to g ra p h y , m u ltip le  sp e c tra l pho to g ra p h y , s p a c e  
pho to g ra p h y , a n d  in fra red  the rm a l an d  ra d a r im agery. 
E va lua tion  o f e n v iro n m e n t is  d ire c te d  to  th e  p la n n in g  
o f e n g in e e rin g  a n d  d e v e lo p m e n t p ro je c ts  in g en e ra l,
w ith  som e  e m p h a s is  on  th o se  re la te d  to  sp e c ia l 
c lim a tic  re g io n s  s u ch  as  a rc tic , tro p ica l, hum id , and  
a r id  reg io ns .
IIA 687  A n a ly s e s  and  In te rp re ta tio n  of A eria l 
P h o to g rap h s  Fall a n d  sp rin g . C re d it th re e  hours. 
T w o  le c tu re s , o n e  labora to ry. P re requ is ite : c o n s e n t of 
in s tru c to rs . P re re g is tra tio n  re q u ire d . The s tu d e n t is 
e x p e c te d  to  p a y  th e  co s t of fie ld  trip s , a n d  aeria l 
p h o to g ra p h s  fo r use  in a te rm  p ro je c t— a p p ro x i­
m a te ly  $15 . D. J. B e lcher, T. L iang.
M e th o d s  o f id e n tifica tio n  of a b ro a d  s p e c tru m  o f so ils, 
ro cks , an d  d ra in a g e  co n d it io n s ; th e  s ig n if ic a n c e  o f 
ve g e ta tiv e  and  cu ltu ra l p a tte rn s  o f th e  w o rld . N a tura l 
re so u rce s  in ve n to rie s  a n d  s p e c ific  fie ld s  o f a p p lic a ­
tion  a re  e m p h a s ize d .
IIA 688  A d van ce d  In te rp re ta tio n  o f A e ria l P h o to ­
g ra p h s  Fall a n d  sp rin g . C re d it th re e  hou rs. P re­
re q u is ite : IIA 6 87  o r co n s e n t o f in s tru c to rs . D. J. 
B e lcher, T L iang.
L e c tu re s  and  te a m  p ro je c ts  in la b o ra to ry  an d  fie ld . 
F a c ilitie s  in c lu d e  m a te ria l fo r c ity -re g io n a l p la n n in g , 
so il m a p p in g , c o n se rva tio n , g ro u n d  a n d  s u rfa ce  w a ­
ter, an d  c iv il e n g in e e r in g  p ro je c ts .
IIA 689  R e m o te  S en sin g  S p ring . C re d it th re e  
hou rs. Two le c tu re s , o n e  labora to ry. P re requ is ite : 
c o n se n t o f instructo r. T. L iang.
F u n d a m e n ta ls  o f se n so rs  an d  se ns ing  in th e  e le c ­
tro m a g n e tic  s p e c tru m . P h o to g ra p h ic  se ns ing  w ill be  
d is c u s s e d ; how ever, e m p h a s is  w ill b e  p la c e d  on 
n o n p h o to g ra p h ic  fo rm s. C o ve ra g e  w ill in c lu d e  sen ­
sors, senso r a n d  g ro u n d  d a ta  a c q u is itio n , da ta  
geom etry , a n a lys is  a n d  in te rp re ta tio n , a n d  m iss ion  
p la n n in g .
IIA 691 D es ig n  P ro jec t On d e m a n d . C re d it on e  to 
s ix  hou rs. Staff.
D e s ign  p ro b le m s , fre q u e n tly  a sso c ia te d  w ith  th e  M as­
te r o f E n g in e e rin g  p ro g ra m .
IIA 692  R e search  O n d e m a n d . C re d it on e  to  s ix  
hours. Staff.
For s tu d e n ts  w h o  w ish  to  s tu d y  on e  p a rtic u la r  a re a  in 
dep th . The  w o rk  m a y  ta ke  th e  fo rm  of a la b o ra to ry  
in ve s tig a tio n , fie ld  study, th e o re tica l an a lys is , o r th e  
d e ve lo p m e n t o f d e s ig n  p re ce d u re s .
IIA 693  S e m in ar O n d e m a n d . C re d it on e  hour.
Staff.
P resen ta tion  a n d  d is c u s s io n  o f te c h n ic a l p a p e rs  and  
cu rre n t re se a rch  in th e  ge n e ra l fie ld  o r one  o f its 
s p e c ia liz e d  fie lds.
IIA 694  S p ec ia l Top ics On d e m a n d . C re d it o n e  to 
s ix  hou rs. Staff.
S u p e rv ise d  s tu d y  in sm a ll g ro u p s  on  o n e  o r m ore  
sp e c ia l to p ic s  no t co v e re d  in th e  re g u la r  co u rse s . 
S p e c ia l to p ic s  m ay b e  o f a th e o re tica l o r a p p lie d  na­
ture.
IIA 696  S e m in ar in R e m o te  S e n s in g  C re d it one  
hour. T. L iang.
P resen ta tion  a n d  d is c u s s io n  o f cu rre n t re se a rch  and  
d e ve lo p m e n t in rem o te  sens ing . L e c tu re s  b y  C o rne ll
80  C iv il and  E n v iro n m en ta l E n g in eerin g
sta ff m e m b e rs  an d  in v ited  sp e c ia lis ts  from  g o v e rn ­
m en t an d  industry.
Environmental Engineering
E n v iro n m en ta l Q u a lity  E n g in eerin g
IIE301 E n v iro n m e n ta l Q u a lity  E n g in eerin g
S p ring . C re d it th re e  hou rs. Two le c tu res , o n e  la b o ra ­
to ry  c o m p u ta tio n  o r re c ita tio n  p e rio d . P re requ is ite : 
IIC 301. J. J. B isogn i, A. W. Law rence .
In tro d u c tio n  to  air, water, a n d  so lid  w a s te  a s p e c ts  of 
e n v iro n m e n ta l q u a lity  e n g in e e r in g  w ith  e m p h a s is  on 
w a te r q u a lity  co n tro l c o n c e p ts , theory, an d  m e th o d o l­
o g y  E lem en ta ry  a n a lys is  an d  d e s ig n  a p p lic a b le  to  
w a te r su p p ly  a n d  d is tr ib u tio n  sys tem s, an d  sys tem s 
fo r w a s te w a te r a n d  sto rm  w a te r c o lle c t io n  a n d  d is ­
posa l. In tro d u c tio n  to  th e  p ro c e s s e s  fu n d a m e n ta l to  
w a te r a n d  w a s te w a te r trea tm en t. E ffe c ts  o f w a s te ­
w a te r e ffluen ts  on  na tu ra l w a te rs .
IIE 6 02  W a te r-Q u a lity  C o n tro l E n g in eerin g  Fall. 
C re d it th re e  hou rs. T h re e  le c tu re -re c ita tio n s . P re­
requ is ite : IIE301 o r c o n s e n t o f ins truc to r. V. C. B ehn,
C. D. G ates.
B io lo g ica l, ch e m ica l, a n d  p h y s ic a l fu n d a m e n ta ls  u n ­
d e r ly in g  w a te r an d  w a s te w a te r tre a tm e n t an d  the ir 
a p p lic a tio n  to  the  a n a lys is  an d  d e s ig n  of p ro c e s s e s  
fo r  th e  tre a tm e n t o f na tu ra l w a te rs  a n d  o f w a s te ­
w a te rs . P rin c ip le s  a n d  a n a lys is  o f m e th o d s  a p p lic a b le  
to  th e  d isp o sa l o f re s id u a ls  a fte r trea tm en t.
IIE 6 03  E n v iro n m e n ta l Q u a lity  E n g in e e rin g  
L a b o ra to ry  S p ring . C re d it th re e  hours. O ne  lecture , 
tw o  la bo ra to ries . E n ro llm en t lim ite d  to  tw e lve  s tu ­
den ts . P re requ is ite : IIE602. V. C. Behn.
L a b o ra to ry  m e th o d s  a n d  e x p e rim e n ts  o f in te res t in 
asse ss in g  th e  q u a lity  o f na tura l w a te rs  a n d  in the  
m easu rem en t a n d  c o n tro l o f m u n ic ip a l a n d  in d u s tria l 
w a s te w a te rs  a n d  so lid  w a stes .
IIE 6 1 0  C h e m is try  o f W ater an d  W as te w a te r Fall. 
C re d it th re e  hou rs. T h re e  le c tu re -re c ita tio n s . P re­
requ is ites : on e  ye a r o f c o lle g e  c h e m is try  an d  c o n se n t 
o f instructo r. J. J. B isogn i, C . D. G ates.
P rin c ip le s  o f p h ys ica l, o rg a n ic , in o rg a n ic , and  
b io c h e m is try  a p p lic a b le  to  th e  u n d e rs ta n d in g , d e ­
s ig n , an d  c o n tro l o f w a te r a n d  w a s te w a te r trea tm en t 
p ro c e s s e s  a n d  to  re a c tio n s  in re ce iv in g  w aters.
IIE611 A q u atic  C h e m is try  S p ring . C re d it th re e  
hou rs. Th ree  le c tu res . P re requ is ites : IIE 610  and  
C h e m is try  2 8 7 -2 8 8 .  J. J. B isogn i.
C h e m ica l e q u ilib r iu m  in na tu ra l a q u a tic  sys tem s, in ­
c lu d in g  w a te r  a n d  w a s te w a te r tre a tm e n t sys tem s. 
C h e m ica l th e rm o d yn a m ics , a c id -b a s e  sys tem s, 
o x id a tio n -re d u c tio n  sys tem s, co o rd in a tio n  chem is try , 
s o lid - liq u id -g a s  in te rfa ce s  w ith  re g a rd  to  p re c ip ita ­
tion , d isso lu tio n , and  a d so rp tio n . C h e m ic a l-b io lo g ic a l 
in te rfa ce s  in na tu ra l system s.
E m pha s is  on  p h e n o m e n a , m a th e m a tica l so lu tion  of 
ch e m ic a l e q u ilib r iu m , an d  a p p lic a tio n  to  e n g in e e rin g  
m a n a g e m e n t of w a te r quality.
IIE 6 13  B io lo g ica l P h e n o m e n a  and  P ro c esses
Fall. C re d it fo u r hou rs. T hree  le c tu re s , on e  labora to ry.
P re re q u is ite : IIE 602  o r e q u iva le n t a n d  co n c u rre n t 
re g is tra tio n  in IIE610. A. W. Law re nce .
T h e o re tica l an d  e n g in e e r in g  a s p e c ts  of b io lo g ica l 
ph e n o m e n a  a n d  p ro c e s s e s  a p p lic a b le  to  th e  rem ova l 
o f im p u r it ie s  from  water, w astew ate r, a n d  in d u s tria l 
w a s te s  an d  to  th e ir  s ta b iliza tio n  in re c e iv in g  w a te rs . 
P e rtinen t m ic ro b io lo g ic a l p r in c ip le s , b io lo g ic a l o x id a ­
tio n  k in e tics , a n d  e u tro p h ic a tio n . A n a lys is  a n d  d e s ig n  
o f b io lo g ic a l tre a tm e n t p ro c e s s e s . L a b o ra to ry  s tu d ie s  
o f p e rt in e n t p h e n o m e n a  a n d  p ro ce sse s .
IIE 6 1 4  C h e m ic a l and  P h ys ic a l P h e n o m e n a  and  
P ro c e s s e s  S p rin g . C re d it fo u r hou rs . T h re e  le c ­
tu re s , o n e  la bora to ry . P re requ is ites : I IE 6 1 0 a n d  
IIE613. A. W. Law rence .
T h e o re tica l a n d  e n g in e e r in g  a s p e c ts  o f c h e m ic a l an d  
p h y s ic a l p h e n o m e n a  a n d  p ro c e s s e s  a p p lic a b le  to  the  
rem o va l of im p u ritie s  from  water, w astew ate r, in d u s ­
tria l w astes , an d  re c e iv in g  w a te rs ; re a c tio n  k in e tics , 
tra n s fe r  a n d  d is p e rs io n  p h e n o m e n a , a n d .f in e  p a rt ic le  
m e ch a n ics . A n a lys is  a n d  d e s ig n  o f c o n v e n tio n a l a n d  
a d v a n c e d  tre a tm e n t a n d  d is p o s a l p ro ce sse s . 
L a b o ra to ry  s tu d ie s  o f p e rt in e n t p h e n o m e n a  an d  
p ro ce sse s .
[IIE 6 2 0  E n v iro n m e n ta l Q u a lity  C o n tro l S p rin g  
C re d it th re e  hours. T hree  le c tu re -d is c u s s io n s . P re ­
re q u is ite : se n io r o r g ra d u a te  s tu d e n t s ta tu s  a n d  c o n ­
sent o f in s truc to r. N o t o ffe re d  1 9 7 5 -7 6 .
E n v ironm en ta l p o llu t io n  p ro b le m s : th e ir  na ture, 
ca u se s , an d  e ffe c ts . C o n ce p ts , p h e n o m e n a , an d  
m e th o d o lo g y  fu n d a m e n ta l to  p ro te c tio n  o f th e  a ir- 
la n d -w a te r e n v iro n m e n t. E n g in e e rin g , te c h n o lo g ic a l, 
a n d  re g u la to ry  a s p e c ts  o f w a te r q u a lity  co n tro l, a ir 
q u a lity  co n tro l, an d  so lid  w a s te  m a n a g e m e n t.]
IIE 6 30  S o lid  W aste  M a n a g e m e n t (S am e  as A g ­
ricu ltu ra l E n g in e e rin g  6 7 5 .) S p rin g . C re d it th re e  
hou rs. T h re e  le c tu re s , repo rts . P re re q u is ite : co n se n t 
o f ins truc to r. V. C . Behn.
S tu d y  o f m u n ic ip a l, in dus tria l, an d  a g r ic u ltu ra l so lid  
w a s tes . E m p h a s is  o n  w a s te  c h a ra c te r is t ic s , m e th o d s  
o f tre a tm e n t an d  d is p o s a l, a n d  in te rre la tio n sh ip s  w ith  
air, water, an d  la n d  e n v iro n m e n t. D iscu ss io n  o f re g ­
u la to ry  an d  c o s t c o n s id e ra tio n s , an d  e c o n o m ic  and  
p o lit ic a l a sp e c ts . In te n d e d  p rim a rily  fo r g ra d u a te  s tu ­
d e n ts , b u t o p e n  to  q u a lif ie d  u n d e rg ra d u a te s .
IIE631 In d u stria l W aste  E n g in e e rin g  (S am e as 
A g ric u ltu ra l E n g in e e rin g  676 .) S p rin g . C re d it th re e  
hou rs . T h re e  le c tu re -d is c u s s io n s ; fie ld  trip s . P re­
re q u is ite : p r io r  kn o w le d g e  o f w a s te w a te r trea tm en t 
p r in c ip le s . C . D. G ates.
C h a ra c te r iza tio n  o f liq u id , ga se o u s , a n d  s o lid  in d u s ­
tria l w a s tes ; th e ir  e ffe c ts  o n  re c e iv in g  m ed ia . Treat­
m ent a n d  d is p o s a l a lte rna tive s . L e g is la tive  a n d  re g ­
u la to ry  a s p e c ts  o f in d u s tria l w a s te  co n tro l; in dustria l 
e ffluen t g u id e lin e s  a n d  lim ita tions . W aste  s a m p lin g  
a n d  a na lys is ; e ffluen t m o n ito r in g . W a s te w a te r re c la ­
m a tion  a n d  re cyc lin g . C ase  s tu d ie s  of in d u s tria l 
w a s te  c o n tro l in seve ra l s p e c ific  in d u s trie s , in c lu d in g  
e n e rg y  p ro d u c tio n . E a ch  s tu d e n t w ill m ake  an  in- 
d e p th  s tu d y  o f a n d  p re p a re  a  re p o rt on  an  in d u s try  or 
a w a s te  p ro b le m  o f h is  o r he r cho ice .
IIE 6 33  E n v iro n m e n ta l Q u a lity  Fall; s p r in g  on 
d e m a n d . C re d it th re e  hou rs. T h re e  le c tu re -
Civil and  E n v iro n m e n ta l E n g in eerin g  81
d iscu ss io n s . F ie ld  tr ip s . P re requ is ite : u p p e rc la s s  o r 
g ra d u a te  s tuden t s ta tus. L. B. Dworsky.
A n  in tro d u c tio n  to  e n v iro n m e n ta l q u a lity  a n d  p o llu tio n  
p ro b le m s: the ir nature, ca u se s , an d  co n tro l. M a n 's  in ­
te ra c tio n  w ith  th e  a ir- la n d -w a te r resource . E n g in e e r­
ing  an d  re g u la to ry  a s p e c ts  o f e n v iro n m e n ta l q u a lity  
m ana g e m e n t, w ith  e m p h a s is  on  co n tro l o f a ir qua lity, 
w a te r qua lity , a n d  so lid  w astes.
IIE 6 34  A ir Q u a lity  C o n tro l S p ring . C re d it th ree  
hours. Three  le c tu re -d iscu ss io n s . P re requ is ite : 
u p p e r-c la s s  o r g ra d u a te  s tu d e n t s ta tus . C. D. G ates. 
An in tro d u c tio n  to  a ir q u a lity  a n d  a ir p o llu tio n  p ro b ­
lem s. S o urce s , na tu res , an d  e ffe c ts  o f s p e c ific  a ir p o l­
lu tan ts ; th e ir  d is p e rs io n  a n d  in te ra c tio n s  in th e  a t­
m osphere . A ir q u a lity  s ta n d a rd s , re g u la tio n s , and  
le g is la tion . A ir q u a lity  co n tro l m e th o d s  an d  te c h n o l­
ogy.
IIE791 D esig n P ro jec t in S a n ita ry  E n g in eerin g
O n d e m a n d . C re d it va riab le . P re requ is ite : IIE301 or 
IIE602 o r e q u iva le n t. Staff.
The s tu d e n t w ill e le c t o r b e  a s s ig n e d  p ro b le m s  in the  
d e s ig n  o f w a te r a n d  w a s te w a te r tre a tm e n t p ro c e s s e s  
or p lan ts ; w a s te w a te r d is p o s a l sys tem s; w a te r q u a lity  
co n tro l system s; w a te r re so u rce  d e ve lo p m e n t o r 
m a n a g e m e n t sys tem s; o r la b o ra to ry  p ro je c ts  of 
sp e c ia l in terest.
IIE 7 9 2  S a n ita ry  E n g in e e rin g  R e search  O n d e ­
m and . C re d it va ria b le . P re re q u is ite s  w ill d e p e n d  on 
th e  p a rt icu la r in ve s tig a tio n  to  b e  und e rta ke n . Staff.
For the  s tu d e n t w h o  w ish e s  to  s tu d y  a sp e c ia l to p ic  o r 
p ro b le m  in g re a te r  d e p th  than  is p o s s ib le  in fo rm a l 
courses .
IIE 6 93  E n v iro n m e n ta l Q u a lity  E n g in eerin g  
C o llo q u iu m  Fall an d  sp rin g . C re d it on e  to  tw o  
hours. R e q u ire d  of g ra d u a te  s tu d e n ts  m a jo r in g  o r 
m ino rin g  in sa n ita ry  e n g in e e rin g . O p e n  to  u n d e r­
g ra d u a te s  w ith  c o n se n t of th e  instructor.
P resen ta tion  a n d  d is c u s s io n  o f c u rre n t to p ic s  an d  
p ro b le m s  in sa n ita ry  e n g in e e rin g  an d  e nv iro nm e n ta l 
q u a lity  en g in e e rin g .
IIE 794  S p ec ia l Top ics in S a n ita ry  E n g in eerin g
O n d e m a n d . H o u rs  a n d  c re d it va ria b le . Staff. 
S u p e rv ise d  s tu d y  in s p e c ia l to p ic s  not co v e re d  in 
fo rm a l cou rses .
Flu id  M ec h a n ic s  and  H y d ro lo g y
IIC301 F lu id  M e c h a n ic s  Fall. C re d it th re e  hours. 
T hree le c tu re -re c ita tio n s . J. A. L igge tt.
F lu id  p ro p e rtie s , hyd ro s ta tic s , the  b a s ic  e q u a tio n s  of 
flu id  flow, p o te n tia l flow, d im e n s io n a l a na lys is , flow  in 
co n d u its , o p e n  c h a n n e l flow.
IIC 302  H y d rau lic  E n g in e e rin g  S p rin g  C red it 
th re e  hours. Two re c ita tions , on e  labora to ry. P re­
requ is ite : IIC 301. P. J. M urphy.
Free s u rfa ce  an d  p ip e  flow, flu id  m e te rs  a n d  m e a su r­
ing  d e v ice s , h y d ra u lic  m ach inery , u n s te a d y  flow, 
w a s te  hea t d is c h a rg e s  in to  la kes  a n d  rivers, a p p lic a ­
t io n s  o f flu id  m e ch a n ics . L a b o ra to ry  w ill in c lu d e  a 
nu m b e r o f e x p e rim e n ts  in flu id  m e c h a n ic s  an d  
h yd ra u lic  e n g in e e rin g .
IIC 612  E x p e rim e n ta l and  N u m e rica l M eth o d s  in 
Flu id  M e c h a n ic s  O n d e m a n d . C re d it tw o  hou rs. 
P re requ is ite : IIC 302  o r c o n se n t o f instructor.
J. A. L igge tt.
P rim a rily  labo ra to ry , fo r  u n d e rg ra d u a te s  a n d  
g ra d u a te s ; m ay  b e  re p e a te d  fo r c re d it u p o n  p e rm is ­
s io n  o f th e  instructo r. E m p h a s is  is on p la n n in g  and  
c o n d u c tin g  la b o ra to ry  a n d  fie ld  e x p e rim e n ts  and  
n u m e rica l c o m p u ta tio n .
IIC 615  A d van ce d  F lu id  M e c h a n ic s  I Fall. C re d it 
th re e  hours. T hree  re c ita tio n s . P re requ is ite : IIC 301. P. 
J . M urphy.
In tro d u c tio n  to  v e c to r  an d  te n so r no ta tion . The e q u a ­
tio n s  of c o n se rva tio n  o f m ass, m o m e n tu m , and  
e n e rg y  from  a  r ig o ro u s  p o in t o f view. S im ilitu d e  an d  
m o d e lin g  p o te n tia l flow  in c lu d in g  c irc u la tio n , vortic ity , 
co n fo rm a l m a p p in g , a n d  h o d o g ra p h  m e th ods.
IIC 716  A d v a n c e d  F lu id  M e c h a n ic s  II S p rin g  
C re d it th re e  hours. T h re e  re c ita tio n s . P re requ is ite : 
IIC 615. P. J. M urphy, J. A. L ig g e tt.
E xa c t so lu tio n s  to  th e  N a v ie r-S to kes  e q u a tio n s , the 
la m in a r a n d  tu rb u le n t b o u n d a ry  la ye rs , tu rb u le n ce , in­
tro d u c tio n  to  no n -N e w to n ia n  flow, an d  o th e r to p ic s .
IIC 6 1 7  F re e -S u rfa c e  F lo w  S p ring . C re d it th re e  
hou rs. T h re e  re c ita tio n s . P re requ is ite : IIC 615  o r 
IIC 618 , o r c o n se n t of instructo r, J. A. L ig g e tt.
The fo rm u la tio n  o f th e  fre e -s u rfa c e  e q u a tio n s  an d  
b o u n d a ry  co n d it io n s . S h a llow  w a te r th e o ry  a n d  th e  
th e o ry  o f ch a ra c te r is t ic s . U n s te a d y  a n d  tw o - 
d im e n s io n a l flow  in o p e n  ch a n n e ls .
IIC 618  D y n am ic  O c e a n o g ra p h y  Fall. C re d it th re e  
hou rs . P re requ is ite : e le m e n ta ry  flu id  m e ch a n ics .
P L .-F  Liu.
The  s ta tic s  a n d  d y n a m ic s  o f o c e a n s  a n d  lakes. C u r­
ren ts  in h o m o g e n e o u s  a n d  s tra tifie d  b o d ie s  of water. 
T ides , se ich e s , w aves, a n d  tsunam is . T u rb u le n ce  a n d  
d iffus io n .
IIC 631 W ave H y d ro d y n a m ic s  in C o as ta l 
E n g in eerin g  S p ring . C re d it th re e  hou rs. P re re q u i­
site : IIC 301 , IIC 618  a lso  re co m m e n d e d . P. L .-F  Liu. 
P rob lem s  in w a ve s  a n d  c u rre n ts  o f in te re s t to  c o a s ta l 
a n d  o ce a n  e n g in e e rs . Top ics  c h o s e n  fro m  th e  fo llo w ­
in g  areas: Ray th e o ry  of re frac tion . S ca tte rin g  o f sm all 
a m p litu d e  w a ve s  b y  b re a k w a te rs  o r s u b m e rg e d  and  
flo a tin g  b o d ie s . H a rb o r re sp o n se  to  in c id e n t w aves. 
T ra n s ie n t w a ves; tsu n a m i p ro p a g a tio n . F in ite  
a m p litu d e  e ffe c ts  in sh a llo w  w a te r w a ves. B o u n d a ry  
la ye rs  in w a te r w a ves ; d a m p in g  a n d  m a ss  tra n sp o rt 
cu rre n t. Im p lica tio n  o f m ass tra n sp o rt on  th e  sho re line  
p ro ce sse s .
IIC 632  S e d im e n t T ran s p o rt S p rin g . C re d it th re e  
hou rs. P re requ is ite : IIC 302  o r c o n s e n t o f ins truc to r.
P J. M urphy.
D e s c rip tio n  of th e  m o vem en t of so lid  p a rtic le s  in o pe n  
c h a n n e ls . P a rtic le  m e c h a n ic s , the  sa lta tio n  p ro ce ss , 
tu rb u le n t d isp e rs io n , e ros io n  a n d  d e p o s it io n  o f c h a n ­
nel b e d s , s u s p e n d e d  se d im e n t tra n sp o rt, b e d  tra n s ­
p o rt p ro ce sse s , b e d  fo rm s, m e a su re m e n t te ch n iq u e s . 
A p p lic a tio n  to  ca n a ls , th e  d y n a m ic s  o f na tura l 
s trea m s, rive r re gu la tion , a n d  d is p e rs io n  o f po llu tan ts .
82  C iv il and  E n v iro n m e n ta l E n g in eerin g
IIC 621 F low  in P o ro u s  M ed ia  S p ring . C re d it th re e  
hou rs. P re requ is ite : IIC 301 ; IIC 615  a lso  re c o m ­
m e n d e d . W. H. B ru tsaert.
F lu id  m e c h a n ic s  o f flo w  th ro u g h  p o ro u s  so lids . The 
ge n e ra l e q u a tio n s  o f s in g le  p h a se  a n d  m u ltip h a se  
flow  an d  th e  m e th o d s  o f so lv in g  th e  d iffe ren tia l fo rm  
o f these  e q u a tio n s . A q u ife r  h y d ra u lic s  in vo lv in g  
p u m p in g  w e ll an d  s tre a m flo w  p ro b le m s ; in filtra tion  
a n d  g ro u n d  w a te r re ch a rg e ; la n d  s u b s id e n c e ; sea  
w a te r in trus io n  a n d  m is c ib le  d is p la c e m e n t; an d  o the r 
s te a d y  s ta te  a n d  tra n s ie n t s e e p a g e  p ro b le m s  in fu lly  
a n d  p a rtly  s a tu ra te d  m ate ria ls .
IIC 609  D e s c rip tiv e  H y d ro lo g y  S p rin g . C re d it tw o  
hou rs. In te n d e d  fo r n o n -e n g in e e rin g  m a jo rs . Pre­
re q u is ite : c o n se n t o f instructo r. W. H. B ru tsaert. 
In tro d u c tio n  to  h y d ro lo g y  as  a  d e s c r ip tio n  o f th e  
h y d ro lo g ic  c y c le  a n d  th e  ro le  o f w a te r  in th e  natura l 
e nv iro nm e n t. Top ics  in c lu d e  p re c ip ita tio n , in filtra tion , 
e va p o ra tio n , g ro u n d  water, su rfa ce  runoff, flood s, a n d  
d ro u g h ts .
IIC 620  A n a ly tica l H y d ro lo g y  Fall. C re d it th re e  
hou rs . P re requ is ite : IIC301 o r e q u iva len t.
W . H. B ru tsaert.
Phys ica l a n d  s ta tis tica l a n a lys is  re la te d  to  h y d ro lo g ic  
p ro ce sse s . F lyd ro m e te o ro lo g y  a n d  e va p o ra tio n . In fil­
tra tio n  a n d  b a s e  flow. S u rface  runo ff a n d  ch a n n e l ro u t­
in g . L inea r a n d  n o n lin e a r h y d ro lo g ic  sys tem s 
ana lys is . S to ra g e  ro u tin g  a n d  un it h y d ro g ra p h  theory.
IIC 691 P ro jec t O n d e m a n d . F lours a n d  c re d it  
va ria b le . Staff.
The  s tu d e n t m ay e le c t a  d e s ig n  p ro b le m  or u n d e r­
take  th e  d e s ig n  a n d  c o n s tru c tio n  o f sp e c ia l e q u ip ­
m en t in th e  f ie ld s  o f flu id  m e ch a n ics , h yd ra u lic  e n g i­
nee ring , o r hydro logy.
IIC 792  R esearch  in H y d ra u lic s  O n d e m a n d . 
H o u rs  a n d  c re d it  va riab le . Staff.
The s tu d e n t m ay s e le c t an  a re a  o f in ve s tig a tio n  in 
flu id  m e ch a n ics , h yd ra u lic  e n g in e e rin g , o r hyd ro logy . 
The w o rk  m ay b e  e ith e r o f an  e xp e rim e n ta l o r th e o re t­
ica l nature. R esu lts  sh o u ld  b e  su b m itte d  to  th e  in ­
s tru c to r in c h a rg e  in th e  fo rm  o f a  re se a rch  repo rt.
IIC 693  H y d ra u lic s  S e m in a r S p ring . C re d it one  
hour. O p e n  to  u n d e rg ra d u a te s  a n d  g ra d u a te s  an d  
re q u ire d  o f g ra d u a te  s tu d e n ts  m a jo rin g  in h y d ra u lic s  
o r h y d ra u lic  e n g in e e rin g . Staff.
T op ics  o f cu rre n t in te res t in flu id  m e ch a n ics , h yd ra u lic  
e n g in e e rin g , an d  hydro logy .
IIC 6 9 4  S p ec ia l T o p ics  in H y d ra u lic s  O n d e m and . 
H o u rs  an d  c re d it  va riab le . Staff.
S p e c ia l to p ic s  in flu id  m e ch a n ics , h yd ra u lic  e n g in e e r­
ing , o r hydro logy .
P u blic  and  E n v iro n m en ta l  
S y s te m s  E n g in eerin g
IIB201 E c o n o m ic  A n a ly s is  o f th e  P riva te  S e c to r  
(M ic ro e c o n o m ic s ) (S am e as  E co n o m ics  307 .) Fall. 
C re d it fo u r hou rs. P re requ is ite : o n e  ye a r o f c o lle g e - 
leve l m a th e m a tics . A c c e p ta b le  as  a  libe ra l e le c tive  
fo r u n d e rg ra d u a te s  in e n g in e e rin g . M ay b e  taken  fo r
c re d it  in a d d it io n  to  E c o n o m ic s  102, a lth o u g h  
E c o n o m ic s  102 is  no t a  p re re q u is ite . R. E. Schuler. 
C o n s id e rs  th e  e c o n o m ic  b e h a v io r  o f in d iv id u a l 
h o u se h o ld s  a n d  firm s; how  in d iv id u a l a g e n ts  c o m b in e  
u n d e r d iffe re n t m a rke t s tru c tu re s , in c lu d in g  c o m p e ti­
t ive  m arke ts , m onopo ly , a n d  m o n o p so n y ; a n d  c o n ­
c lu d e s  w ith  th e  th e o ry  o f d is tr ib u tio n  a n d  ge n e ra l 
e q u ilib r iu m . M ost to p ic s  w ill re c e iv e  b o th  g ra p h ic a l 
an d  m a th e m a tica l tre a tm e n t. The c o u rs e  is  d e s ig n e d  
to  p ro v id e  s tu d e n ts  w ith  a d e q u a te  p re p a ra tio n  to  take  
a n y  a d v a n c e d - le v e l e c o n o m ic s  c o u rs e  fo r w h ich  
E c o n o m ic s  311 is  a  p re re q u is ite .
IIB 202  E c o n o m ic  A n a ly s is  o f  G o v e rn ­
m ent (S am e  as  E c o n o m ic s  3 0 8 .) S p rin g . C re d it fou r 
hou rs. M ay b e  ta ke n  fo r c re d it  in a d d it io n  to 
E co n o m ics  101, a lth o u g h  E c o n o m ic s  101 is no t a 
p re re q u is ite . P re re q u is ite s : o n e  y e a r o f co lle g e -le v e l 
m a th e m a tic s  a n d  IIB 201 ; o r E c o n o m ic s  311.
R. E. S chuler.
A  c o n tin u a tio n  o f IIB 2 0 1 . F irs t half: co n s id e ra tio n  of 
th e  w e lfa re  im p lic a tio n s  o f v a rio u s  fo rm s  o f e c o n o m ic  
o rg a n iz a tio n  a n d  th e  ra tio n a le  fo r  g o ve rn m e n t in te r­
ve n tio n  in th e  m ic ro e co n o m y. T he  th e o ry  u n d e rly in g  
in ve s tm e n t in g o v e rn m e n t p ro je c ts  a n d  e n v iro n m e n ta l 
p ro g ra m s  w ill be  s tu d ie d . S e c o n d  half: na tiona l 
e c o n o m ic  c o n s tra in ts  a n d  a g g re g a te  b e h a v io r  (m a c ­
ro e co n o m ics ), to g e th e r w ith  th e  im p a c t o f g o v e rn ­
m ent a c tiv ity  on  th e s e  a g g re g a te s . M a th e m a tica l as 
w e ll a s  g ra p h ic a l to o ls  o f a n a lys is  a re  used .
IIB 303  E n g in e e rin g  E c o n o m ic s  an d  S y s te m s  
A n a ly s is  S p rin g . C re d it th re e  hou rs. D. P. Lou cks . 
A im e d  a t th e  ju n io r-s e n io r  leve l. In te n d e d  to  g iv e  the  
s tu d e n t a w o rk in g  fa m ilia r ity  w ith  th e  p r in c ip le s  a n d  
m a in  a n a ly tica l te c h n iq u e s  fo r re a c h in g  d e c is io n s  
a b o u t th e  e c o n o m ic  a s p e c ts  o f e n g in e e r in g  p ro je c ts . 
C o n c e p ts  o f e c o n o m ic  d e c is io n s ; c h o ic e  a m o n g  a l­
te rn a tive s ; b re a k -e v e n  a n d  m in im u m -co s t ana lys is ; 
in ve n to ry  co n tro l; re so u rce  a llo ca tio n  a n d  s c h e d u lin g ; 
c o n c e p ts  o f in te res t, d e p re c ia tio n , a n d  re p la ce m e n t 
o f asse ts . D e c is io n s  u n d e r c o n d it io n s  o f r isk  a n d  u n ­
certa in ty . In tro d u c tio n  to  sys te m s  a n a lys is  as  a  q u a n ­
tita tive  b a s is  fo r  in ves tm en t d e c is io n s ; o p tim iza tio n , 
linea r p ro g ra m m in g , c r it ic a l pa th  s c h e d u lin g . N o t in ­
te n d e d  fo r s tu d e n ts  w ith  s u b s ta n tia l b a c k g ro u n d  in 
b u s in e s s  e c o n o m ic s  o r m e th o d s  o f o p e ra tio n s  
re se a rch .
IIB 205  S o c ia l Im p lic a tio n s  o f T ec h n o lo g y  Fall. 
C re d it th re e  hou rs. S -U  g ra d e s  o p tio n a l. O p e n  to  all 
C o rn e ll s tu d e n ts  b e y o n d  th e  fre sh m a n  year. A c c e p t­
a b le  as  a  lib e ra l e le c tiv e  fo r u n d e rg ra d u a te  s tu d e n ts  
in  e n g in e e rin g . S tu d e n ts  from  o u ts id e  th e  C o lle g e  of 
E n g in e e rin g  a re  in v ite d  to  ta ke  th is  course .
S o m e  o f th e  is su e s  p e rta in in g  to  th e  d e ve lo p m e n t, 
im p le m e n ta tio n , a n d  a sse ssm e n t o f te ch n o lo g y . The  
so c ia l, p o lit ica l, a n d  e c o n o m ic  a s p e c ts  o f cu rre n t 
p ro b le m s  th a t h ave  im p o rta n t te c h n o lo g ic a l c o m p o ­
nen ts. The te c h n ic a l b a c k g ro u n d  w ill b e  d e v e lo p e d  to  
th e  e x te n t n e c e s s a ry  fo r  an  in te llig e n t c o n s id e ra tio n  
o f p o lic y  a lte rn a tive s . S tu d e n ts  w ill b e  re q u ire d  to  do  
e x te n s ive  re a d in g  a n d  m a y  b e  re q u ire d  to  p a r t ic ip a te  
in c a s e  s tu d ie s  o r w rite  a  te rm  paper.
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IIB 615  T he  L aw  and  E n v iro n m e n ta l C o ntro l
Fall. C re d it fo u r hours. P re requ is ite : c o n se n t of in ­
s tructor. D e s igne d  fo r se n io rs  and  g ra d u a te  s tuden ts . 
A n  in tro d u c tio n  to  th e  s tru c tu re  an d  o p e ra tio n  o f the  
le ga l sys tem  and  a n  in ve s tig a tio n  o f th e  m a n n e r in 
w h ich  tha t system  m ay  h a n d le  e n v iro n m e n ta l p ro b ­
lem s. The  in te ra c tio n  of law  an d  sc ie nce , reg io na l 
p ro b le m s  a n d  p o lit ica l ju ris d ic tio n a l b o u n d a rie s  (the  
in te rs ta te  c o m p a c t), th e  p o lic e  p o w e r of th e  s tates, 
s ta tu to ry  law  a n d  c a se  law, the  ju d ic ia l fu n c tio n , the  
na tu re  a n d  fu n c tio n s  o f th e  a d m in is tra tive  a g e n c ie s , 
e n v iro n m e n ta l re gu la tion , re ce n t e nv iro nm e n ta l 
c a s e  law.
IIB 616  S e m in ar in T e c h n o lo g y  A s sessm en t
S p ring . C re d it th re e  hou rs. P re requ is ite : c o n se n t of 
instructor, b a se d  on a sh o w in g  o f a d e q u a te  
b a ckg ro u n d .
A n in te rd is c ip lin a ry  sem ina r d e a lin g  w ith  th e  soc ia l 
c o n s e q u e n c e s  o f fu tu re  te c h n o lo g ic a l d e ve lo p m e n t 
a n d  m eans  b y  w h ich  te c h n o lo g y  ca n  b e  g u id e d  in 
s o c ia lly  b e n e fic ia l d ire c tio n s . T op ics  in c lu d e : g o v ­
e rn m e n ta l in s titu tio ns , s u c h  as  th e  C o n g re ss , courts , 
an d  re g u la to ry  a g e n c ie s , a n d  th e  m a n n e r in w h ich  
th e y  h a n d le  te c h n ic a l p ro b le m s ; e c o n o m ic  c o n s id e ra ­
t io n s  an d  th e  ro le  o f th e  m arke t; th e  p la n n in g  p ro c e s s  
(p re d ic tio n , ro le  o f no rm a tive  co n s id e ra tio n s , c re a tio n  
an d  eva lu a tio n  o f a lte rn a tive  c o u rs e s  o f ac tio n , and  
fe e d b a c k  co n s id e ra tio n s ); e x is tin g  a sse ssm e n t 
m e ch a n ism s  a n d  in s titu tio n s  in th e  p r iva te  an d  p u b lic  
sec to rs , a n d  p ro p o s e d  n e w  s truc tu res ; o p p o rtu n itie s  
fo r p u b lic  p a rt ic ip a tio n . S tu d e n t-fa c u lty  ta s k  fo rce s  
w ill o rg a n ize  to  u n d e rta ke  p ro je c ts  e xp lo r in g  a s p e c ts  
o f te c h n o lo g y  a sse ssm e n t th e o ry  a n d  m e th odo logy , 
d o  c a s e  s tud ie s , p e rfo rm  s im p le  assessm en ts , o r in­
ve s tig a te  qu e s tio n s  pe rta in in g  to  th e  d e s ig n  a n d  fu n c ­
t io n in g  o f in s titu tio ns  to  p e rfo rm  s u c h  tasks.
IIB 617  P u b lic  S y s te m s  A n a ly s is  I Fall. C re d it 
th re e  hou rs. D. P. Loucks.
A n  in tro d u c tio n  to  th e  p h ilo s o p h y  an d  te c h n iq u e s  of 
sys tem s a n a lys is  as a p p lie d  to  th e  p u b lic  sector. D is ­
c u ss io n  and  c o m p a r is o n  o f va r io u s  te c h n iq u e s  tha t 
have  b ee n  tra d it io n a lly  a sso c ia te d  w ith  p u b lic  s ys ­
tem s ana lys is : e c o n o m ic s  (p rim a rily  m a rg in a l ana lys is  
a n d  w e lfa re  e co n o m ics ), o p e ra tio n s  re se a rch  (p r im a r­
ily  linear, non linear, and  d y n a m ic  p ro g ra m m in g ), d e ­
c is io n  ana lys is , co s t-b e n e fit a n d  co s t-e ffe c tiv e n e s s  
a na lys is , an d  e n g in e e r in g  e c o n o m ic s  (p re se n t va lue  
a n d  ra te -o f-re tu rn  e va lua tion ). The e m p h a s is  is on  in ­
te g ra tin g  these  a p p ro a c h e s  in the  c o n te x t of s p e c ific  
p u b lic  s e c to r a p p lica tio n s .
IIB 618  P u b lic  S y s te m s A n a ly s is  II S p ring . C re d it 
th re e  hours. P re requ is ite : o n e  o f th e  fo llo w in g  (w h ich  
m ay be  taken  co n cu rre n tly ); IIB 303 , IO R 320, IO R 622, 
A g ricu ltu ra l E n g ine e ring  475 , o r co n s e n t o f instructor. 
IO R 260 an d  IIB 2 60  re c o m m e n d e d  bu t not re q u ire d .
C. A. Shoem aker.
M a th em a tica l p u b lic  sys te m s m o d e ls  w h ich  in te g ra te  
e co n o m ic , e nv iro nm e n ta l an d  soc ia l co n s id e ra tio n s  to 
d e v e lo p  d e s ira b le  m a n a g e m e n ts  p ro g ra m s . C o urse  
e m p h a s is  w ill b e  on a p p lic a tio n s  in th e  fo llo w in g  
areas: p u b lic  hea lth , lo n g -ra n g e  g lo b a l p la n n in g  
(L im its  to  G row th ), w a te r resou rces , m a c ro e c o n o m ic  
policy. M e th o d o lo g y  w ill in c lu d e  s im u la tio n  and  
m a th e m a tica l p ro g ra m m in g .
IIB 6 1 9  E n v iro n m e n ta l S y s te m s A n a ly s is  On
d e m a n d . C re d it th re e  hours. P re requ is ite : IIB618,
D. P. Loucks.
A p p lic a tio n  o f sys te m s ana lys is , e n v iro n m e n ta l en ­
g in e e rin g , a n d  e c o n o m ic s  to  e n v iro n m e n ta l q u a lity  
m a n a g e m e n t sys tem s. E va lua tio n  of p u b lic  p o lic y  a l­
te rn a tive s  fo r air, land , an d  w a te r q u a lity  co n tro l an d  
fo r re d u c in g  th e  m a te ria l and  th e rm a l an d  a co u s tica l 
e n e rg y  w a s te s  re le a se d  in to  th e  e nv iro nm e n t. D e­
ve lo p m e n t o f d e te rm in is tic  an d  s to c h a s tic  m o d e ls  fo r 
s te a d y -s ta te  a n d  d y n a m ic  co n d it io n s .
IIB 7 4 7  E n v iro n m e n ta l P o licy  A n a ly s is  O n d e ­
m and . C re d it th re e  hou rs. P re requ is ite : IO R 260, 
IIB 618 , o r e q u iva le n t, o r c o n se n t o f instructor.
D. P. Loucks.
C u rren t re se a rch  to p ic s  c o n c e rn in g  th e  a p p lic a tio n  of 
e c o n o m ic  an d  s im u la tion  te c h n iq u e s  to  th e  de fin itio n  
a n d  e va lu a tio n  o f p u b lic  p o lic y  a lte rn a tive s  fo r  m a n ­
a g in g  air, land , a n d  w a te r re s o u rce s  a n d  th e  m ate ria l 
a n d  e n e rg y  w a s te s  re le a se d  in to  th e  e nv iro nm e n t.
The in flu e n ce  o f te c h n o lo g ic , e co n o m ic , a n d  p o litica l 
un c e rta in ty  w ill b e  e m p h a s iz e d . E a ch  s tu d e n t w ill be  
e x p e c te d  to  s e le c t a p a rt ic u la r  e n v iro n m e n ta l m a n ­
a g e m e n t p ro b le m  an d  s tru c tu re  m o d e ls  o r m e th o d s  
fo r a n a lyz in g  a lte rn a tive  so lu tions .
IIB 651 E n v iro n m en ta l Q u a lity  M a n a g e m e n t in 
A q u a tic  and  A g ric u ltu ra l E c o s y s te m s  S p ring  
C re d it th re e  hours. P re requ is ite : o n e  o f th e  fo llo w in g : 
IIB 303 , IO R 320, IO R 622, A g ric u ltu ra l E n g in e e rin g  
475 ; o r c o n se n t o f instructo r. B io lo g ic a l S c ie n c e s  361 
o r 261 s tro n g ly  re co m m e n d e d . C . A. Shoem aker,
D. A. Haith.
The  a p p lic a tio n  o f e c o lo g ic a l p r in c ip le s , m a th e m a ti­
ca l m o d e lin g , and  o p tim iza tio n  te c h n iq u e s  to  the  
m a n a g e m e n t o f a q u a tic  a n d  a g r ic u ltu ra l e co sys te m s. 
A p p lic a tio n s  in c lu d e  nu trie n t m a n a g e m e n t, e u tro p h i- 
ca tio n , in te g ra te d  p e s t m ana g e m e n t, an d  la n d  use  e f­
fe c ts  on  w a te r qua lity .
IIB 780  E n v iro n m e n ta l C o n trl W o rksh o p  O n d e ­
m and . C re d it one  to  th re e  hou rs  b y  a rra n g e m e n t w ith  
instructo r. W. R. Lynn.
S tu d e n ts  in te re s te d  in re se a rch  to p ic s  d e a lin g  w ith  
co n tro l o f th e  e n v iro n m e n t (w ith  s p e c ia l e m p h a s is  on 
b io lo g ic a l a n d  e c o lo g ic a l a s p e c ts )  a re  e n c o u ra g e d  to  
p a rt ic ip a te  in th is  w o rksh o p . T o p ics  d is c u s s e d  in p re ­
v io us  w o rksh o p s  in c lu d e  hum an  p o p u la tio n  con tro l, 
co n tro l o f pes t a n d  p a ra s ite  p o p u la tio n s , s tu d y  o f 
s p e c ie s ’ s tra te g ic  use o f fo o d  supp ly , co n tro l o f p o p u ­
la tions  b y  use  o f p re d a to rs , a n d  h o s t-p a ra s ite  sys ­
tem s. A d d it io n a l to p ic s  w ill be  d e v e lo p e d .
IIB 791 E n v iro n m e n ta l S y s te m s  A n a ly s is  D es ig n  
P ro jec t O n d e m a n d . C re d it va r ia b le . P re requ is ite : 
co n s e n t o f ins truc to r. M ay e x te n d  ove r tw o  sem es te rs . 
Staff.
D e s ign  o f fe a s ib ility  s tu d y  o f p u b lic  o r e n v iro n m e n ta l 
sys tem s , s u p e rv is e d  an d  a ss is te d  by  o n e  o r m ore  
fa c u lty  a d v ise rs . In d iv id u a l o r g ro u p  p a rtic ip a tio n . 
Final re p o rt re q u ire d .
IIB 792  E n v iro n m e n ta l S y s te m s  A n a ly s is  
R e search  O n d e m a n d . C re d it va ria b le . P re requ is ite : 
co n se n t o f instructo r. P repa ra tio n  m us t b e  s u ita b le  to  
th e  in ve s tig a tio n  to  b e  und e rta ke n . Staff.
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In ve s tig a tio n s  in d e p th  o f p a rtic u la r p u b lic  o r e n ­
v ironm en ta l sys tem s p ro b le m s.
IIB 693  E n v iro n m en ta l S y s te m s A n a ly s is  
C o llo q u iu m  E ither te rm . C re d it o n e  hour.
L e c tu re s  in va rio u s  to p ic s  re la te d  to  e n v iro n m e n ta l o r 
p u b lic  sys te m s  p la n n in g  an d  ana lys is .
IIB 794  S p ec ia l Top ics in E n v iro n m en ta l S y s te m s  
A n a ly s is  O n d e m a n d . C re d it va r ia b le . Staff. 
S u p e rv ise d  study, b y  in d iv id u a ls  o r sm a ll g ro u p s , of 
one  o r m ore  sp e c ia liz e d  to p ic s  not c o v e re d  in re g u la r 
cou rses .
T ran sporta tion
IIF620  T ran s p o rta tio n  E n g in eerin g  Fall. C re d it 
th re e  hours. N o  p re re q u is ite s , b u t so m e  b a c k g ro u n d  
in m ic ro e c o n o m ic  th e o ry  is  d e s ira b le . G. P. Fisher. 
In tro d u c tio n  to  th e  p r in c ip a l te c h n o lo g ic a l, e co n o m ic , 
a n d  so c ia l a s p e c ts  o f m o d e rn  tra n sp o rta tio n . A  su ita ­
b le  fo u n d a tio n  fo r m ore  a d v a n c e d  tra n sp o rta tio n  
co u rse s . Ro le o f tra n s p o rta tio n  in s o c ie ty 's  e c o n o m ic  
a n d  soc ia l a c tiv itie s , in c lu d in g  s tu d y  o f th e  u rban  
tra n sp o rta tio n  p ro b le m  a n d  its  a lle v ia tio n , an d  o f in ­
s titu tiona l s tru c tu re s  a n d  c u rre n t p o lic y  issues. 
T e ch n o lo g ica l a n d  e c o n o m ic  c h a ra c te r is t ic s  o f c o n ­
ven tio na l, e m e rg in g , a n d  fu tu re  fo rm s  o f tra n sp o rt 
a n d  te rm in a ls . Ro le o f q u a n tita tiv e  o p e ra tio n a l m o d e ls  
in im p ro v in g  tra n sp o rta tio n  sys tem s. The  tra n s p o rta ­
tion  p la n n in g  p ro ce ss , c o n ve n tio n a l a n d  e m e rg in g  
q u a n tita tive  m o d e ls  fo r tr ip  g e n e ra tio n , d is tr ib u tio n , 
a ss ignm en t, an d  m ode l c h o ic e — w ith  som e  a tten tion  
to  su p p o rtin g  a c tiv itie s  s u ch  as  tra ffic  flo w  th e o ry  and  
tra ffic  e n g in e e rin g . H u m an fa c to rs , bo th  p h ys io lo g ica l 
a n d  p sych o so c ia l, tha t a ffe c t th e  d e s ig n  o f tra n s p o r­
ta tion  co m p o n e n ts  a n d  system s.
IIF621 U rban T ran s p o rta tio n  P lan n in g  I Fall 
C re d it fo u r hou rs. P re re q u is ite  fo r m o s t o th e r c o u rse s  
in tra n sp o rta tio n  area. P re requ is ite : a b a s ic  m ic ro ­
e c o n o m ic s  cou rse . D e s ig n e d  p rim a rily  as  a firs t 
c o u rs e  in tra n s p o rta tio n  p la n n in g , le a d in g  to  on e  o r 
m ore  o f th e  o th e r tra n s p o rta tio n  c o u rse s . It may, h o w ­
ever, b e  taken  as  an  in tro d u c to ry  o r o v e rv ie w  course , 
in  tra n sp o rta tio n  p la n n in g . A. H. M e yb u rg .
The  u rb a n  tra n s p o rta tio n  p ro b le m : its roots , m a n ife s ­
ta tions , an d  im p lica tio n s ; th e  sys te m s a n a lys is  a p ­
p ro a c h  to  tra n sp o rta tio n ; th e  d e m a n d  a n d  su p p ly  
s id e  of tra n sp o rta tio n ; th e  u rban  tra n s p o rta tio n  p la n ­
n ing  p ro c e s s  a n d  its m o d e lin g  c o m p o n e n ts ; g e n e ra ­
tion  o f a lte rn a tive s  a n d  th e ir  e va lua tion . A  la b o ra to ry  
p e r io d  Is d e s ig n e d  fo r  s tu d y -te a m  re se a rch  o n  re lev ­
an t p ro je c ts  in th e  a rea  o f u rb a n  tra n sp o rta tio n .
[IIF 6 2 2  M u ltiva ria te  A n a ly s is  M e th o d s  in T ran s­
p o rta tio n  Fall, a lte rn a te  years. C re d it fo u r hours. 
P re requ is ites : IO R 260, IO R 270, o r e q u iva le n t; a n d  
IIF 6 2 1 , w h ich  m a y  b e  taken  concu rren tly . In te n d e d  
p r im a rily  fo r g ra d u a te  s tu d e n ts , b u t q u a lif ie d  sen io rs  
m a y  be  a d m itte d  w ith  c o n se n t o f ins truc to r. N o t o f­
fe re d  1 9 7 5 -7 6 .
M u ltiva ria te  m e th o d s  fo r  s ta tis tica l m o d e l b u ild in g  in 
tra n sp o rta tio n  an d  o the r u rb a n  sys tem s. L in e a r an d  
n o n lin e a r re g re ss io n  ana lys is , w e ig h te d  reg ress ion , 
c a n o n ic a l co rre la tio n , fa c to r  a na lys is , s im u lta n e o u s
e q u a tio n s  m e th o d s , d is c rim in a n t a na lys is , p ro b it 
a na lys is , an d  lo g it a n a lys is . A p p lic a tio n s  to  tra n s p o r­
ta tio n  d e m a n d  m o d e lin g .]
I IF 62 3  U rban  T ran s p o rta tio n  P lan n in g  II S p ring , 
a lte rn a te  years . C re d it th re e  hou rs. P re requ is ite : 
IIB 201 , IIB 202 , IIF621, IIF622; o r c o n s e n t o f instructor. 
In te n d e d  p rim a rily  fo r  g ra d u a te  s tu d e n ts , b u t q u a l­
ifie d  se n io rs  m a y  b e  a d m itte d  w ith  c o n se n t o f in s tru c ­
tor. F J. C esario .
A d v a n c e d  in s tru c tio n  in co n ve n tio n a l m o d e ls  o f trave l 
d e m a n d  in tra n s p o rta tio n  s tu d ie s , in c lu d in g  re s id e n ­
tia l a n d  n o n re s id e n tia l t r ip  g e n e ra tio n . Fratar, G ra v ity  
an d  o p p o rtu n ity  m o d e ls  o f tr ip  d is tr ib u tio n ; tr ip -e n d  
a n d  tr ip - in te rc h a n g e  m o d a l s p lit; n e tw o rk  a ss ignm en t. 
N e w  m e th o d s  o f trave l d e m a n d  m o d e lin g , in c lu d in g  
spa tia l d is tr ib u tio n  theo ries , “ a b s tra c t m o d e "  m ode ls , 
a n d  in d iv id u a l b e h a v io r  theo ries . T he  p ro p a g a tio n  of 
e rro r in m ode ls .
[ IIF 6 2 4  T ran s p o rta tio n  S y s te m s  A n a ly s is
S p ring . C re d it th re e  hou rs. P re re q u is ite : IO R 260, 
IIF621, IO R 622, IO R 320, o r co n s e n t o f instructor.
A. H. M e yb u rg . N o t o ffe re d  1 9 7 5 -7 6 .
T e ch n iq u e s  o f sys te m s a n a lys is  as  a p p lie d  to  the  
p h y s ic a l p la n n in g , o p e ra tio n , a n d  f in a n c in g  o f tra n s ­
p o rta tio n  fa c ilit ie s . W hereve r a p p lic a b le , m a th e m a ti­
ca l m o d e ls  of tra n s p o rta tio n  p ro c e s s e s  a re  u se d  to  
e xa m in e  q u e s tio n s  re la te d  to  th e  d e v e lo p m e n t o f o p ­
tim a l p u b lic  p o lic y  d e c is io n s  in th e  a re a  o f tra n s p o rta ­
tion . A tte n tio n  is  g iv e n  to  a n a lys is  o f s in g le  an d  m u l­
tim o d a l fo rm s  o f tra n sp o rta tio n . M e th o d s  of 
m a th e m a tica l p ro g ra m m in g , s im u la tion , a n d  s to c h a s ­
t ic  p ro c e s s e s  a re  e m p lo y e d .]
I IIF 6 4 0  Traffic F lo w  T h e o ry  S p rin g . C re d it th re e  
hours. P re re q u is ite : IIF621. N o t o ffe re d  1 9 7 5 -7 6 . 
S tu d y  o f v a rio u s  m a th e m a tica l th e o rie s  o f tra ffic  flow. 
M ic ro s c o p ic  m o d e ls  (c a r fo llo w in g  m o d e ls ). M a c ro ­
s c o p ic  m o d e ls  (k in e m a tic  w a ve  th e o ry ). S to ch a s tic  
p ro p e rtie s  o f tra ffic  flow  a t lo w  den s ity . P ro b a b ility  
m o d e ls  fo r  tra ffic  lig h ts  an d  o p tim a l c o n tro l o f s ig ­
n a lize d  in te rse c tio n s . Traffic  flo w  on  tra n s p o rta tio n  
ne tw o rks . A p p lic a tio n  to  tra ffic  a s s ig n m e n t. Traffic 
n e tw o rk  s im u la tio n  sys te m .]
IIIF 641  A irp o rt P lan n in g  and  O p e ra tio n s
S p ring , a lte rn a te  years . P re re q u is ite : IIF621 o r c o n ­
sent o f instructo r. A . H. M e yb u rg . N o t o ffe re d  1 9 7 5 - 
76.
The ro le  o f a ir trave l w ith in  th e  o ve ra ll tra n sp o rta tio n  
sys tem , te rm in a l a c c e s s , lo ca tio n  a n d  s ite  se le c tio n , 
te rm in a l d e s ig n  a n d  o p e ra tio n s , m e tro p o lita n  a ir 
tra n s it sys tem s, e n v iro n m e n ta l im p a c t o f a irp o rt  lo c a ­
tion , a ir tra ffic  flo w  a na lys is , a ir tra ffic  co n tro l, a irc ra ft 
te c h n o lo g y .]
IIF 6 4 3  D es ig n  and  P lan n in g  o f M ass  T ran s p o r­
ta tio n  S p ring , a lte rn a te  years . C re d it th re e  hours. 
P re requ is ite : IIF621 o r c o n se n t o f instructor.
A. H. M e yb u rg .
A  s tu d y  o f m a ss  tra n s p o rta tio n  o f th e  p a s t a n d  p re s ­
ent; in n o va tive  fo rm s  o f m a ss  an d  in d iv id u a l tra n s p o r­
ta tion  in u rb a n  a reas. T he  f in a n c in g  a n d  o rg a n iza tio n  
o f m a ss  tra n sp o rta tio n ; th e  “ fre e  tra n s it”  ve rs u s  fa res  
d ile m m a . P lann ing  fo r  m a ss  tra n sp o rta tio n ; s p e c ia l
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a p p lica tio n s , im p le m e n ta tio n  of p lans, p la n n in g  
tra n sp o rta tio n  in new  tow ns.
I IF644  T ran s p o rta tio n  S y s te m s E valu a tio n
S p ring . C re d it th re e  hou rs . P re re q u is ite s : IIF621 and  
a b a s ic  m ic ro e c o n o m ic s  cou rse . F J. C esario . 
E co nom ic  e va lua tion  te c h n iq u e s ; m e a su re s  of e ffe c ­
tivene ss; co s t-e ffe c tiv e n e s s  eva lua tion ; d e fin itio n  of 
goa ls , o b je c tive s , an d  c r ite ria  fo r tra n sp o rta tio n  p la n ­
n ing ; im p a c t a n a lys is  a n d  eva lua tion .
IIF791 T ran s p o rta tio n  D esig n  P ro jec t O n d e ­
m and . C re d it va riab le . P re re q u is ite : co n s e n t of in ­
structor. M ay e x te n d  ove r tw o  sem este rs . Staff.
D e s ign  o r fe a s ib ility  s tu d y  o f tra n s p o rta tio n  sys tem s, 
s u p e rv ise d  a n d  a s s is te d  by  o n e  o r m o re  fa c u lty  a d ­
v ise rs . In d iv id u a l o r g ro u p  p a rtic ip a tio n . F inal repo rt 
requ ired .
IIF792  T ran s p o rta tio n  R e search  O n d e m and . 
C re d it va riab le . P re requ is ite : co n s e n t o f instructor. 
P repa ra tio n  m ust b e  su ita b le  to  th e  in ve s tig a tio n  to  be  
und e rta ke n . Staff.
In ve s tig a tio n  in d e p th  o f p a rt ic u la r  p u b lic  sys tem s 
p ro b le m s.
I IF793  T ran s p o rta tio n  C o llo q u iu m  Either te rm . 
C re d it on e  hour.
L e c tu re s  in va rio u s  to p ic s  re la te d  to  tra n sp o rta tio n  
p la n n in g  an d  ana lys is .
I IF794  S p ecia l Top ics in T ran s p o rta tio n  O n d e ­
m and. C re d it va riab le . Staff.
S u p e rv ise d  study, b y  in d iv id u a ls  o r sm all g ro u p s , of 
o ne  o r m ore  s p e c ia liz e d  to p ic s  not co v e re d  in re g u la r 
cou rses .
W ater R e so u rces  P lan n in g  and  A n a ly s is  
IIH 615  W ater R e so u rces  P ro b le m s  and  Po lic ies
Fall. C re d it th re e  hou rs. L e c tu re -d iscu ss io n . P re ­
requ is ite : c o n se n t of instructo r. In te n d e d  p r im a rily  for 
g ra d u a te  e n g in e e rin g  an d  n o n e n g in e e rin g  s tu d e n ts  
bu t o pe n  to  q u a lif ie d  u p p e rc la s s  s tu d e n ts . L. B. 
Dw orsky.
A  c o m p re h e n s iv e  a p p ro a c h  to  w a te r re so u rce s  p la n ­
n ing  an d  d e ve lo p m e n t. H is to rica l an d  co n te m p o ra ry  
p e rs p e c tiv e s  o f w a te r p ro b le m s , o rg a n iza tio n , and  
p o lic ies .
IIH 616  W ater R e so u rces  P lan n in g  S e m in ar
S p ring . C re d it th re e  hou rs. P re requ is ite : IIH 615  or 
c o n se n t o f instructo r. L, B. D w orsky.
The co n c e p ts , p ro ce sse s , a n d  te c h n iq u e s  o f re g io n ­
al, m u ltip u rp o se  rive r b a s in  p la n n in g  an d  d e v e lo p ­
m ent. The c a s e  s tu d y  m e th od , in c lu d in g  th e  p re p a ra ­
tion  of an  in te g ra te d , c o m p re h e n s iv e  re p o rt fo r the  
s tu d y  area.
IIH 718  W ater R e s o u rc e  S y s te m s  Fall o r sp rin g . 
C re d it th re e  hours. P re requ is ite : any  in tro d u c to ry  
co u rse  in sys tem s  a na lys is , o r  c o n se n t o f instructor.
D. P. Lou cks .
A p p lic a tio n  o f e c o n o m ic s , e n g in e e rin g , and  
m a th e m a tica l o p tim iza tio n  an d  s im u la tio n  m o d e ls  to 
river b a s in  p la n n in g  a n d  re g io na l d e ve lo p m e n t, hy­
d ro p o w e r a n d  irr ig a tio n  p la n n in g , re se rvo ir o p e ra tio n , 
f lo w  a u g m e n ta tio n  fo r q u a lity  co n tro l, w a te rsh e d  
runoff, a n d  o th e r m u ltio b je c tive , m u lt ip u rp o s e  w a te r 
re s o u rce s  p la n n in g  an d  m a n a g e m e n t p ro b le m s . S tu ­
d e n ts  w ill h a ve  th e  o p p o rtu n ity  to  im p ro ve  th e ir  m o d ­
e lin g  s k ills  a n d  so lve  d e te rm in is tic  a n d  p ro b a b ilis tic  
m o d e ls  fo r s te a d y -s ta te  o r d y n a m ic  co n d it io n s . Re­
v ie w  of cu rre n t lite rature.
IIH 731 W ater a n d  L a n d -u s e  P o licy  A n a ly s is  O n
d e m a n d . C re d it th re e  hours. P re requ is ite : c o n se n t of 
ins truc to r. D. P. Loucks.
C u rren t re se a rch  to p ic s  c o n c e rn in g  th e  a p p lic a tio n  of 
m a th e m a tica l p la n n in g  te c h n iq u e s , e c o n o m ic  theory, 
a n d  reg io na l s c ie n c e  to  th e  d e fin itio n  an d  e va lu a tio n  
o f a lte rn a tive  w a te r a n d  re la te d  la n d -u se  d e v e lo p ­
m ent p o lic ie s . E m p h a s is  o n  m u ltip le  o b je c tiv e s  and  
p o lic y  in s tru m e n ts  tha t a ffe c t f lood  p la in  d e v e lo p ­
m ent. R eview  of cu rre n t lite ra tu re . A  g ra d u a te  re ­
s e a rch  sem ina r fo r s tu d e n ts  w h o  have  a  b a c k g ro u n d  
in sys te m s a n a lys is  a n d  o th e r a p p lic a b le  d is c ip lin e s .
Structural Engineering
A n a ly s is , B ehavior, and  D esig n
IIG 301 S tru c tu ra l E n g in eerin g  I Fall C re d it four 
hou rs. T h re e  le c tu res , on e  tw o -h o u r p e rio d ; eve n in g  
e xam in a tions . P re requ is ite : M e c h a n ic s  IA K 2 2 1 . J. F 
A b e l, A. H. N ilson.
In tro d u c e s  th e  fu n d a m e n ta l c o n c e p ts  o f s truc tu ra l 
e n g in e e r in g  a n a lys is  a n d  behavior. F irst c o u rs e  in a 
fo u r-co u rse  s e q u e n c e  o f s tru c tu ra l theory, behavior, 
a n d  d e s ig n . S tru c tu ra l p la n n in g , lo ads , s truc tu ra l 
fo rm , a n a lys is  o f s ta tica lly  d e te rm in a te  sys tem s, a p ­
p ro x im a te  a n a lys is  o f s ta tic a lly  in d e te rm in a te  sys ­
tem s. In tro d u c tio n  to  th e  b e h a v io r o f s im p le  s tee l an d  
c o n c re te  m em b ers .
I IG 302  S tru c tu ra l E n g in eerin g  II S p ring . C re d it 
fo u r hou rs. T hree  le c tu re s , one  tw o -h o u r p e rio d ; e v e n ­
in g  exa m in a tio n s . P re requ is ite : IIG 301 . R. H. G a l­
lagher.
P resen ts  th e  fu n d a m e n ta ls  o f th e  c a lc u la tio n  of d is ­
p la c e m e n ts  an d  th e  a n a lys is  of s ta tic a lly  in d e te rm i­
nate  s truc tu res , a n d  uses  th e s e  as  th e  b a s is  fo r 
fu rth e r u n d e rs ta n d in g  of s tru c tu ra l b e h a v io r an d  d e ­
s ig n . V irtua l w o rk; f le x ib ility  a n d  s tiffness  m e th o d s , in­
c lu d in g  m om e n t d is tr ib u tio n ; p la s tic  b eh av io r; 
a n a lys is  fo r m o v in g  lo ads. A p p lic a tio n s  to  s tee l an d  
c o n c re te  s truc tu res .
IIG 303  S tru c tu ra l E n g in e e rin g  III Fall. C re d it fou r 
hou rs. P re requ is ites : IIG 302  a n d  IIG 351 (m a y  be  
ta ke n  co n c u rre n tly )  o r co n s e n t of instructo r.
W. M cG u ire .
C o n tin u e s  th e  s tu d y  o f the  b e h a v io r o f s tru c tu re s . B e ­
h av io r a n d  d e s ig n  o f s tee l, co n c re te , and  t im b e r 
s tru c tu ra l e le m e n ts , co n n e c tio n s , an d  sys tem s.
I IG 304  S tru c tu ra l E n g in e e rin g  IV  S p rin g  C re d it 
th re e  hou rs. P re requ is ite : IIG 303 . R. G. Sexsm ith .
T h e  o b je c t iv e  is  to  d e v e lo p  an  u n d e rs ta n d in g  o f the  
s tru c tu ra l d e s ig n  p ro ce ss . C o m p re h e n s iv e  d e s ig n  
p ro je c t, d ra w in g  on m a te ria l from  p re v io u s  c o u rs e s  in
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s tru c tu re s  an d  m ate ria ls . A d d it io n a l to p ic s  s u ch  as 
p re lim in a ry  d e s ig n , c h o ic e  o f fo rm , she lls , m ode ls .
IIG 305  S tru ctu ra l B e h a v io r L a b o ra to ry  S p ring . 
C re d it tw o  hou rs. M ay b e  ta ke n  c o n c u rre n tly  w ith  
IIG 302  o r IIG 304 . R. N. W hite.
A  la b o ra to ry  c o u rs e  on  b e h a v io r  of s truc tu res , u tiliz ­
ing  sm a ll-sca le  m o d e ls . E lastic , in e las tic , a n d  no n ­
linea r b e h a v io r o f s tru c tu ra l c o m p o n e n ts  a n d  sys ­
tem s, in c lu d in g  b e a m s, b e a m -co lu m n s , trusses, 
fram es , g r id s , p la te s , a n d  she lls  in b o th  m eta l an d  
re in fo rc e d  co n c re te . In d iv id u a l p ro je c ts .
IIG 610  F u n d a m e n ta ls  o f S tru c tu ra l M ec h a n ic s
Fall. C re d it th re e  hou rs. P re requ is ite : IIG 303  (m a y  b e  
taken  co n cu rre n tly ). R. H. G a llagher.
Th is  c o u rse  g iv e s  a  tre a tm e n t o f to p ic s  no t no rm a lly  
co v e re d  in u n d e rg ra d u a te  s tru c tu ra l m e ch a n ics  
c o u rs e s  b u t w h ich  u n d e rlie  th e  re s p e c tiv e  g ra d u a te  
co u rse s  in th is  d e p a rtm e n t. In c lu d e s  th e o ry  o f e la s tic ­
ity, e n e rg y  p r in c ip le s , p la te  flexure , th e o rie s  of fa ilu re , 
e la s tic  an d  in e la s tic  s tre ss -s tra in  re la tio n sh ip s .
IIG 711 S tab ility : E las tic  and  In e la s tic  S p ring . 
C re d it th re e  hours. T. Pekoz.
A n a lys is  of e la s tic  an d  p la s tic  s tab ility . D e te rm ina tio n  
o f b u c k lin g  lo a d s  an d  p o s t-b u c k lin g  b e h a v io r  o f c o l­
um ns. S o lid  a n d  o p e n  w e b  co lu m n s  w ith  va ria b le  
c ro ss -se c tio n . B eam  co lu m n s . F ram e b u ck lin g . 
Tors iona l-flexu ra l b u c k lin g . La te ra l b u c k lin g  o f bea m s. 
B u ck lin g  lo a d s  a n d  p o s tb u c k lin g  b e h a v io r o f p la tes, 
shea r w e b s , a n d  c y lin d ir ic a l she lls . C ritica l d iscu ss io n  
of cu rre n t d e s ig n  sp e c ifica tio n .
IIG 712  A d v a n c e d  S tru c tu ra l A n a ly s is  Fall. C re d it 
th re e  hou rs. T hree  le c tu re s . P re requ is ite :
IIG 302. R. G. Sexsm ith .
Stability, de te rm inacy , re d u n d a n c y  o f s tru c tu re s . A p ­
p ro x im a te  m e th o d s  o f a na lys is . Force, d isp la ce m e n t, 
a n d  tra n s fe r m a trix  m e th o d s  o f m a trix  s tru c tu ra l 
a na lys is . D e ve lo p m e n t o f s p a c e  fra m e  e le m e n t e q u a ­
tions, in c lu d in g  d is tr ib u te d  lo a d s  a n d  th e rm a l s tra in  
e ffec ts . M e th o d s  o f so lu tion ; d ire c t an d  ite ra tive , 
trid ia g o n a liza tio n , p a rtit io n in g , an d  s p e c ia l tra n s fo r­
m ations . A n a lys is  te c h n iq u e s  fo r ta ll b u ild in g s  a n d  
o th e r s p e c ia l p ro b le m s .
I IG 7 1 3  F in ite -E le m e n t A n a ly s is  S p rin g . C re d it 
th re e  hou rs . T h re e  le c tu re s . P re requ is ite : IIG 712 . J. F 
A b e l.
T h e o re tica l a n d  c o n c e p tu a l ba se s  fo r fo rm u la tio n  of 
f in ite -e le m e n t re p re se n ta tio n s  in s tru c tu ra l ana lys is . 
D e ve lo p m e n t o f e le m e n t re la tio n sh ip s  fo r s truc tu ra l 
a n a lys is  o f p la tes, she lls , an d  so lids . E x tens ion  o f 
e le m e n t- an d  sys te m -so lu tio n  te c h n iq u e s  to  d e a l w ith  
p ro b le m s  in e la s tic  s tab ility , in e la s tic  de fo rm a tio n , 
fin ite  d is p la c e m e n ts , d y n a m ic  response , a n d  o the r 
sp e c ia l b e h a v io r m echan ism s.
IIG 714  S tru c tu ra l M odel A n a ly s is  an d  E x p e rim e n ­
ta l M eth o d s  Fall. C re d it th re e  hou rs. Two le c tu res , 
o ne  tw o -h o u r p e rio d . P re requ is ite : in d e te rm in a te  
a n a lys is . R. N. W hite.
D im ens ion a l a n a lys is  a n d  p r in c ip le s  of s im ilitude . D i­
re c t m o d e l ana lys is , in c lu d in g  m a te ria ls , fa b rica tio n , 
lo a d in g , a n d  in s tru m e n ta tio n  te ch n iq u e s . B a s ic  
te c h n iq u e s  o f e xp e rim e n ta l s tre ss  an a lys is . C o n fi­
d e n c e  le ve ls  fo r m o d e l resu lts . L a b o ra to ry  p ro je c ts  in 
e la s tic  b e h a v io r  a n d  u ltim a te  s tre n g th  o f m ode l 
s truc tu res .
IIIG 7 1 5  P ro b a b ilis tic  C o n c e p ts  in S tru c tu ra l En­
g in e e rin g  S p rin g , a lte rn a te  years . C re d it th re e  
hou rs. P re requ is ite : IIG 303 . R. G. S exsm ith . N o t o f­
fe re d  1 9 7 5 -7 6 .
In tro d u c tio n  to  p ro b a b ility  c o n c e p ts  p e rta in in g  to  e n ­
g in e e r in g  d e s ig n  a n d  re liab ility , p ro b a b ilis tic  m ode ls , 
in fe re n ce  te ch n iq u e s , d e c is io n  a n a lys is , s to c h a s tic  
p ro ce sse s ; a p p lic a tio n s  in s tru c tu ra l sa fe ty  d e c is io n s , 
in c lu d in g  c o d e  d e ve lo p m e n t, an d  s tru c tu ra l random  
v ib ra tio n .]
I IG 7 1 6  P res tresse d  C o n c re te  S tru c tu re s
S p ring . C re d it th re e  hou rs . T hree  le c tu re s . P re re q u is ­
ite: IIG 303 ; IIG 304  re co m m e n d e d . A . H. N ilson . 
Behavio r, a na lys is , an d  d e s ig n  o f p re s tre sse d  c o n ­
c re te  s tru c tu re s ; p re te n s io n in g , p o s t-te n s io n in g , p re ­
c a s t co n s tru c tio n ; b e a m s , s la bs , c o m p o s ite  m em ­
b e rs , co n tin u o u s  b e a m s  a n d  fram es , te n s io n  and  
c o m p re s s io n  m e m b e rs ; p re s tre s s  lo sses , s e c tio n  e ffi­
c iency , e n d  z o n e  s tresse s , d e fle c tio n  a n a lys is , c ra c k ­
ing , p a rtia l p re s tre ss in g .
IIG 7 1 7  A d v a n c e d  R e in fo rc e d  C o n c re te  Fall. 
C re d it th re e  hou rs. T h re e  le c tu re s . P re requ is ite : 
IIG 303 ; IIG 304  re co m m e n d e d . A. H. N ilson .
Behavior, a n a lys is , a n d  d e s ig n  o f re in fo rc e d  c o n c re te  
s tru c tu re s ; s tre n g th , s a fe ty  c o n s id e ra tio n s , d e fle c tio n  
an a lys is , c ra c k  co n tro l, lim it a na lys is , y ie ld  line theory, 
flexu re , shear, to rs ion , ax ia l lo a d s , s le n d e rn e s s  e f­
fe c ts ; bea m s, co lu m n s , s la bs , c o n tin u o u s  fram es, 
tw o -w a y  sys tem s, c o m p o s ite  co n s tru c tio n , d e e p  
b e a m s, g ro u n d -s u p p o rte d  s la b s , shea r w a lls , fo ld e d  
p la te s
I IG 718  A d v a n c e d  D e s ig n  o f M eta l S tru c tu re s
Fall. C re d it th re e  hou rs . P re re q u is ite : IIG 303 .
W. M cG u ire .
B e h a v io r a n d  d e s ig n  o f s tee l s tru c tu re s , w ith  e m ­
p h a s is  on  d e s ig n  a p p lic a tio n s : s in g le -s to ry  fram es, 
p la te  g ird e rs , tru sse s , a n d  p la te  s tru c tu re s . B e hav io r 
a n d  p ro p o rtio n in g  o f c o n n e c tio n s .
I IG 719  A d v a n c e d  B e h a v io r o f M eta l S tru c tu re s
S p rin g . C re d it th re e  hou rs. P re re q u is ite : IIG 711 . W. 
M cG u ire .
B e h a v io r o f s tee l bea m s, b e a m -c o lu m n s , a n d  s in g le - 
a n d  m u lt i-s to ry  fra m e s . Tors ion a n d  c o m b in e d  to rs ion  
a n d  flexure . C ritica l s tu d y  o f d e s ig n  sp e c ifica tio n s . 
C o ld - fo rm e d  s tee l s tru c tu re s . F a tig u e  a n d  frac tu re .
[ IIG 7 2 0  S h e ll T h e o ry  and  D e s ig n  C re d it th re e  
hou rs . P re re q u is ite s : IIG 302  a n d  c o n s e n t o f instructo r. 
N o t o ffe re d  1 9 7 5 -7 6 .
T he fu n d a m e n ta ls  o f p ra c tic a l she ll theory. D iffe ren tia l 
g e o m e try  o f su rfa ce s ; m e m b ra n e  a n d  b e n d in g  th e o ry  
o f she lls ; a n a ly s is  a n d  d e s ig n  o f c y lin d r ic a l she lls , 
p o ly g o n a l d o m e s , an d  p a ra b o lo id s . A p p lic a tio n  to 
re in fo rc e d  c o n c re te  ro o fs  a n d  p re ssu re  ve sse ls . In ­
t ro d u c tio n  to  th e  s ta b il ity  o f she lls .]
I IG 722  S tru c tu ra l D e s ig n  fo r D y n am ic  L o a d s
Fall. C re d it th re e  hou rs . P re requ is ites : IIG 303 , som e
C iv il and  E n v iro n m e n ta l E n g in eerin g  87
c o m p u te r  p ro g ra m m in g  e xp e rie n ce , an d  c o n se n t of 
instructo r. P. G erge ly .
A b ro a d  s tu d y  of th e  a na lys is , d e s ig n , a n d  b e h a v io r 
of s tru c tu re s  s u b je c te d  to  d y n a m ic  e ffec ts , w ith  e m ­
ph a s is  on  e a rth q u a ke -re s is ta n t d e s ig n . V ib ra tio n  o f 
s im p le  sys tem s; re sp o n se  sp e c tra ; nu m e rica l, energy, 
and  m a trix  m e th o d s  o f a n a lys is . B a s ic  se ism o logy. 
A n a lys is  a n d  d e s ig n  o f s tru c tu re s  fo r e a rth q u a ke s , in ­
c lu d in g  in e la s tic  e ffec ts . M o d e rn  d e s ig n  a p p ro a c h e s .
[IIG 7 3 2  O p tim u m  S tru c tu ra l D es ig n  Fall, a lte r­
nate  years . C re d it th re e  hou rs . R. H. G a llagher. N ot 
o ffe red  1 97 5 -7 6 .
T rea ts  th e  p ro c e d u re s  to  b e  a p p lie d  in o rd e r to  d e ­
s ig n  m in im um  w e ig h t o r m in im um  co s t s truc tu res . 
C o ve ra g e  e n c o m p a s s e s  s im p lif ie d  id e a s  su ch  as 
fu lly -s tre sse d  d e s ig n , c la s s ic a l m in im iza tio n  p ro c e ­
du res , a n d  m o d e rn  m e th o d s  b a s e d  on  m a th e m a tica l 
p ro g ra m m in g  schem es .)
I IG 733  N u m e rica l M eth o d s  in S tru ctu ra l 
E n g in eerin g  Sp ring , a lte rn a te  years . C re d it th re e  
hours. P re requ is ites : IIG 712  a n d  IA A 68 0  o r e q u iv a ­
len ts  an d  co n s e n t of ins truc to r. J. F A be l.
N u m erica l a na lys is , n u m e rica l m e th o d s , a n d  a l­
g o rith m s  re la te d  to  a p p lic a tio n s  in s truc tu ra l 
m e ch a n ics , s tru c tu ra l e n g in e e rin g , and  g e o te c h n ic a l 
e n g in e e rin g . D iscu ss io n  an d  c o m p a r is o n  o f su ch  
te c h n iq u e s  as  w e ig h te d  res idu a ls , s ta tio n a ry  fu n c ­
tiona ls , in va rian t im b e d d in g , fin ite  d iffe re n ce s , and  
fin ite  e lem e nts . Various n u m e rica l a n a lys is  to p ic s , in­
c lu d in g  so lu tio n  o f lin e a r a n d  n o n lin e a r sys te m s of 
e q u a tio n s , a lg e b ra ic  e ig e n v a lu e  p ro b le m s , n u m e rica l 
in teg ra tio n , a p p ro x im a tio n  o f fu n c tio n s , Fou rie r tra n s ­
fo rm s, and  e rro r a na lys is . S e le c te d  a lg o r ith m s  w ith  
e m p h a s is  on linea r e q u a tio n s  a n d  e ig e n va lu e  
p rob lem s.
IIG 690  P lan n in g  o f S tru c tu ra l S y s te m s  Fall. 
C re d it th re e  hours. P re requ is ite : IIG 302 . R e com ­
m e n d e d  fo r se n io rs  p la n n in g  to  e n te r th e  M .E ng.
(C iv il) p ro g ra m , T  Pekoz.
Functiona l, s tru c tu ra l, a n d  o the r c o n s id e ra tio n s  in the  
p la n n in g  and  se le c tio n  o f s tru c tu ra l sys tem s. P ro b ­
a b ilis tic  d e s c r ip tio n  o f lo a d in g  a n d  s tre n g th . P re lim i­
nary  d e s ig n  —  e s tim a tin g  ove ra ll d im e n s io n s  an d  
w e ig h ts , p ro p o rtio n in g  of m e m b e rs  a n d  jo in ts — and 
o p tim iza tio n . P re lim in a ry  a n a lys is  o f fram es, trusses, 
p la tes , and  she lls . E rec tion , c o n s tru c tio n , a n d  s tress  
co n tro l co n s id e ra tio n s . C o m p u te r s tru c tu ra l ana lys is . 
C a se  s tu d ie s  w ith  th e  p a rt ic ip a tio n  o f p ra c tic in g  
e ng inee rs .
IIG 791 D esig n  P ro jec t in S tru c tu ra l E n g in e e r­
ing (M e e ts  p ro je c t re q u ire m e n t fo r M .E ng. d e g re e  
fo r s tu d e n ts  w h o  ca n n o t e n ro ll in IIK 510 —511 .) E ither 
te rm . C re d it va riab le . C o re g is tra tio n  in IIG 690  d u rin g  
fa ll te rm  re q u ire d . Staff.
C o m p re h e n s ive  d e s ig n  p ro je c t b y  team s. F orm u la tion  
o f a lte rn a te  p ro p o sa ls , in c lu d in g  e c o n o m ic s  an d  
p la n n in g , fo r a g ive n  s itua tio n  a n d  c o m p le te  d e s ig n  o f 
th e  b e s t a lte rnative . D e te rm ina tio n  o f c o n s tru c tio n  
co s ts  a n d  p re p a ra tio n  of sk e tc h e s  a n d  d ra w in g s . 
P resen ta tion  o f d e s ig n s  b y  o ra l a n d  w ritte n  repo rts .
IIG 792  R e search  in S tru c tu ra l E n g in eerin g  O n
d e m a n d . H o u rs  a n d  c re d it  va riab le . Staff.
For s tu d e n ts  w ish in g  to  p u rs u e  one  p a rtic u la r  b ra n c h
of s tru c tu ra l e n g in e e r in g  fu rth e r th a n  c a n  be  d o n e  in 
any  o f th e  re g u la r  c o u rse s . P re re q u is ite  c o u rs e s  d e ­
p e n d  u po n  th e  na tu re  o f th e  w o rk  d e s ire d . The  w o rk  
m a y  b e  an  in ve s tig a tio n  o f e x is tin g  ty p e s  o f c o n s tru c ­
tion , th e o re tica l w o rk  w ith  a v ie w  to  s im p lify in g  p re s ­
en t m e th o d s  o f d e s ig n  o r p ro p o s in g  n e w  m e th ods , o r 
e xp e rim e n ta l in ve s tig a tio n  o f su ita b le  p ro b le m s .
IIG 693  S tru c tu ra l E n g in e e rin g  S e m in a r Fall and  
sp rin g . C re d it on e  to  th re e  hou rs. O p e n  to  q u a lif ie d  
se n io rs  an d  g ra d u a te  s tu d e n ts . Staff.
P repa ra tio n  a n d  p re s e n ta tio n  of to p ic s  o f cu rre n t in ­
te re s t in th e  fie ld  of s tru c tu re s  fo r in fo rm a l 
d iscu ss io n .
IIG 794  S p ec ia l T o p ics  in S tru c tu ra l E n g in eerin g
O n d e m a n d . H o u rs  a n d  c re d it  va riab le . Staff. 
In d iv id u a lly  s u p e rv ise d  s tu d y  in o n e  o r m ore  o f the 
sp e c ia liz e d  to p ic s  of c iv il e n g in e e r in g , s u c h  as  tanks  
an d  b ins, s u sp e n s io n  b r id g e s , to w e rs  o r m o va b le  
b r id g e s , w h ich  a re  not c o v e re d  in th e  re g u la r 
co u rse s . In d e p e n d e n t d e s ig n  o r re se a rch  p ro je c ts  
m a y  a lso  b e  se le c te d .
S tru c tu ra l M ate ria ls
IIG 351 E n g in e e rin g  M a te ria ls  Fall. C re d it th re e  
hou rs. T w o  le c tu re s , on e  labora to ry . F 0 .  Slate. 
E n g in e e rin g  p ro p e rtie s  o f co n c re te , s tee l, w o o d , and  
o the r se le c te d  s tru c tu ra l m a te ria ls ; p h y s ic o c h e m ic a l 
p ro p e rtie s  o f so ils, conc re te , and  b itu m in o u s  m a te ­
ria ls. D e s ign  c h a ra c te r is t ic s  an d  s ig n if ic a n c e  o f tes t 
resu lts  o f m a te ria ls  u sed  in e n g in e e r in g  w o rks . E x ten ­
s ive  la b o ra to ry  te s tin g  an d  re p o rt w riting .
[IIG 6 5 2  A d v a n c e d  P la in  C o n c re te  S p rin g . C re d it 
th re e  hou rs. Two le c tu re s  p lu s  c o n fe re n ce . P re re q u is ­
ite: IIG 351 o r e q u iva le n t. F 0 .  S late. N ot o ffe red  
1 9 7 5 -7 6 .
T op ics  in the  s u b je c t o f co n c re te , su ch  as h is to ry  of 
ce m e n tin g  m a te ria ls , a ir en tra in m e n t, lig h t-w e ig h t 
a g g re g a te s , p e trog raphy , du rab ility , c h e m ic a l re a c ­
tions, an d  p ro p e rtie s  of a g g re g a te s . R e la tio n sh ip s  
a m o n g  in te rna l s truc tu re , p h ys ica l p ro p e rtie s , c h e m i­
ca l p ro p e rtie s , an d  th e  m e ch a n ica l p ro p e rtie s  o f in­
te re s t to  th e  d e s ig n  a n d  c o n s tru c tio n  eng inee r.]
IIIG 6 5 3  S tru c tu re  a n d  P ro p erties  o f M a te ria ls
S p ring , a lte rn a te  years . Two le c tu re s  p lu s  co n fe re n ce . 
O p e n  to  g ra d u a te  s tu d e n ts  in e n g in e e r in g  o r th e  
p h y s ic a l sc ie n c e s  o r to  u n d e rg ra d u a te s  b y  c o n se n t o f 
th e  instructo r. F O. Slate. Not o ffe red  19 7 5 -7 6 .
In te rna l s tru c tu re  o f m a te ria ls  ra n g in g  from  th e  
a m o rp h o u s  to  th e  c rys ta llin e  state. F o rce s  h o ld in g  
m a tte r to g e th e r ve rsu s  fo rce s  ca u s in g  d e fo rm a tio n  
an d  fa ilu re . C o rre la tio n  o f th e  in te rna l s tru c tu re s  of 
m a te ria ls  w ith  th e ir  p h y s ic a l a n d  m e c h a n ic a l p ro p e r­
t ies . A p p lic a tio n s  to  v a rio u s  e n g in e e r in g  m a te ria ls ,]
[ IIG 7 5 7  C iv il and  E n v iro n m e n ta l E n g in eerin g  
M a te ria ls  P ro je c t O n d e m a n d . C re d it o n e  to  s ix 
hou rs . F 0 .  S late. N ot o ffe red  19 7 5 -7 6 .
In d iv id u a l p ro je c ts  o r re a d in g  an d  s tu d y  a ss ig n m e n ts  
in vo lv in g  e n g in e e r in g  m a te ria ls .]
8 8  C iv il and  E n v iro n m e n ta l E n g in eerin g
IIIG 6 5 4  L o w -C o st H o u s in g  P rim arily  fo r  D e v e lo p ­
ing N a tio n s  S p ring , a lte rn a te  yea rs . C re d it th re e  
hou rs. Two le c tu re s  p lu s  c o n fe re n ce . E O. S late. N o t 
o ffe red  in 19 7 5 -7 6 .
A  m u lt id is c ip lin a ry  c o u rs e  in vo lv in g  fa c u lty  m e m b e rs  
from  th e  C o lle g e  o f A rch ite c tu re , A rt, an d  P lann ing , 
a n d  th e  C o lle g e  o f H u m an  E co logy. S tu d e n ts  w ill d o  
in te n s ive  study, u su a lly  in th e ir  ow n d isc ip lin e , fo r a 
te rm  p ro je c t, w h ile  a lso  b e in g  in tro d u c e d  to p ro b le m s  
a n d  a p p ro a c h e s  o f o th e r d is c ip lin e s . For e ng inee rs , 
th e  p r im a ry  p u rp o s e  is  to  in ve s tig a te  th e  te c h n o lo g i­
ca l a s p e c ts  o f th e  su b je c t, an d  o the r a s p e c ts  th a t in ­
flu e n ce  te c h n o lo g ic a l d e c is io n s , s u c h  as  cu ltu ra l and  
e c o n o m ic  fa c to rs . T yp ica l te c h n o lo g ic a l a s p e c ts  are  
in d ig e n o u s  m ate ria ls , s tru c tu ra l sys tem s, c o n s tru c ­
tion , m a in tena nce , an d  e ffe c ts  o f th e  p h y s ic a l e n v i­
ronm ent. C o ve ra g e  is from  a g ra ria n -ru ra l to  
in d u s tria l-u rb a n .)
I IG 655  Lo w -C o st H o u s in g  fo r  D e ve lo p in g  N a tio n s  
— W o rksh o p  fo r  P h ys ic a l P lan n in g , S ite  S e lectio n , 
a nd  D e s ig n  R e g is tra tion  a lso  a v a ila b le  as  a  co u rse  
in a rch ite c tu re . S p rin g , a lte rn a te  years . C re d it th re e  
hours. P re requ is ite : co n s e n t o f ins truc to r. F 0 .  S late. 
In te n d e d  fo r a m ixe d  c la s s  o f a d v a n c e d  c iv il e n ­
g in e e rin g  and  a rc h ite c tu re  s tu d e n ts . D iscu ss io n s  and  
w o rksh o p  se ss ions  c o v e r in g  p h ys ica l p la n n in g , s ite  
se le c tio n , an d  d e ta ile d  d e s ig n  of in d iv id u a l s tru c tu re s  
a n d  g ro u p in g s  o f s tru c tu re s . O p p o rtu n ity  fo r c h o ic e  of 
a p p ro p ria te  m a te ria ls  an d  d e ta ile d  d e s ig n  o f s tru c ­
tura l m em b ers .
S oil M ec h a n ic s  an d  F o u n d atio n s
IID301 E lem en ts  o f S o il M e c h a n ic s  S p ring .
C re d it th re e  hours. Two le c tu re s , o n e  labora to ry.
D. A. Sangrey.
Soil p ro p e rtie s , c h e m ic a l na ture, p a rtic le  s ize  d is tr ib u ­
tion , A tte rb e rg  lim its , pe rm eab ility , p r in c ip le  o f e ffe c ­
t ive  s tress , co m p re ss ib ility , sh e a r s tre n g th , the  c o n ­
so lid a tio n  p ro ce ss . In tro d u c tio n  to  b e a rin g  capa c ity , 
ea rth  p ressu re , s lo p e  stab ility , se ttlem en t, se e p a g e  
a n d  th e  so lu tion  o f p ra c tic a l p ro b le m s . L a b o ra to ry  
te s ts  fo r the  m e a su re m e n t o f so il p ro p e rtie s .
IID 606  E n g in eerin g  o f F o u n d atio n s  and  Earth  
R e ta in in g  S tru c tu re s  Fall. C re d it th re e  hours. Two 
le c tu re s , o n e  tw o -h o u r pe rio d . P re requ is ite : IID 3 0 1 .
J. N. Kay.
M e ch a n ics  a n d  d e ve lo p m e n t o f e a rth  p re ssu re  in re ­
la tion  to  so il p ro p e rtie s  an d  d e fo rm a tio n . D e s ig n  o f 
re ta in ing  w a lls  a n d  b u lkh e a d s . P rin c ip le s  o f be a rin g  
ca p a c ity , s tress  d is tr ib u tio n , an d  se ttle m e n t. Soil 
e x p lo ra tio n  te ch n iq u e s : d e s ig n  o f sh a llo w  a n d  d e e p  
fo u n d a tio n s ; d e s ig n  o f fo o tin g , raft, ca isso n , a n d  p ile  
fou n d a tio n s . P ro b le m s  o f c o n s tru c tio n  an d  s ta b ility  o f 
e xca va tio n s . In flu e n ce  o f g ro u n d -w a te r flow  on  w a lls , 
fou n d a tio n s , an d  exca va tio n s .
IID 6 1 0  E n g in eerin g  P ro p erties  o f S o ils  Fall. 
C re d it th re e  hou rs. T hree  le c tu res . P re requ is ite :
IID 3 0 1 . U n d e rg ra d u a te s  m us t have  a g ra d e  o f B or 
b e tte r in IID301 o r c o n s e n t o f instructo r.
D. A. Sangrey.
N a tu ra l e n v iro n m e n ts  in w h ich  so ils  a re  fo rm e d ; the  
ch e m ic a l an d  p h y s ic a l n a tu re  of so ils . P rin c ip le  o f e f­
fe c tiv e  s tress ; s tre ss -s tra in  re la tio n sh ip s ; shea r 
s tre n g th  a n d  c o m p re s s ib ility  o f na tu ra l g e o te c h n ic a l 
m a te ria ls . S ensitiv ity , p a rtia l sa tu ra tion , o rg a n ic  a n d  
fro ze n  m a te ria ls , an iso trop y . P rim a ry  a n d  s e c o n d a ry  
co n s o lid a tio n . Soil p ro p e rtie s  in flu e n c in g  pe rm eab ility .
IID 6 1 6  S lo p e  S ta b ility : E arth  a n d  R o ckfill D am s
S p ring . C re d it th re e  hou rs. Two le c tu re s  a n d  o n e  
tw o -h o u r p e rio d . P re requ is ite : IID 301. D. A. Sangrey, 
J. N. Kay.
P rin c ip le s  o f s ta b ility  fo r ea rth  a n d  ro c k  s lo p e s , e f­
fe c ts  o f p o re  w a te r p ressu re , sh o rt-  an d  lo n g -te rm  
stab ility , p ro b le m s  o f d ra w d o w n , a n a lys is  o f la n d ­
s lid e s  a n d  d a m  s tab ility , p r in c ip le s  o f ea rth  an d  
ro ck fill da m  d e s ig n , in te rna l p o re  w a te r p re ssu re s  
a n d  d ra in a g e , filte rs, re lie f w e lls , fo u n d a tio n  p ro b ­
le m s, g ro u tin g , cu t-o ffs , co n tro l, an d  in s trum en ta tion .
IID 712  G ra d u a te  S o il M e c h a n ic s  L a b o ra to ry
S p rin g . C re d it th re e  hou rs . P re re q u is ite : IID 610 . J. N. 
Kay, D. A. Sangrey.
L a b o ra to ry  m e a su re m e n t of so il p ro p e rtie s : c la s s if ic a ­
tio n  te s ts , d ire c t shea r tes ts , triax ia l te s ts  fo r the  
m e a su re m e n t o f p o re  w a te r p re ssu re , s tre n g th  
p a ra m e te rs . Pore p re s s u re  d is s ip a tio n  tes ts . R e la ­
tio n s h ip  o f la b o ra to ry  te s ts  to  fie ld  behavior.
IID 714  A d v a n c e d  G e o te c h n ic a l E n g in eerin g
Fall. C re d it th re e  hou rs. T h re e  le c tu re s . P re requ is ite : 
IID 606  o r e q u iva le n t. J. N. Kay.
A  re v ie w  o f m o re  in te n s ive  d e ta il o f to p ic s  c o v e re d  in 
IID 606 , w ith  e m p h a s is  on  re c e n t d e v e lo p m e n ts  in 
so il-s tru c tu re  in te ra c tio n  p ro b le m s . T o p ics  in c lu d e  
th e o rie s  o f b e a rin g  c a p a c ity  a n d  s e ttle m e n t d e te rm i­
n a tion  fo r sh a llo w  a n d  d e e p  fo u n d a tio n s ; th e  re ­
s p o n se  to  ho rizo n ta l lo a d in g  o f p ile  g ro u p s , re ta in ing  
w a lls , a n d  e xca va tio n  s u p p o rts ; b u r ie d  c o n d u its  a n d  
tu n n e lin g  in so ft g ro u n d .
IID 715  S o il D y n a m ic s  Fall. C re d it th re e  hours. 
T h re e  le c tu re s . P re requ is ite : c o n se n t o f ins truc to r.
D. A . Sangrey.
In tro d u c tio n  to  p r in c ip le s  o f th e  v ib ra tio n  o f s im p le  
sys te m s  u n d e r h a rm o n ic  a n d  tra n s ie n t lo a d in g . 
E n e rg y  p ro p a g a tio n  b y  w a ve s  th ro u g h  so lid  a n d  
la ye re d  sys tem s. D e ta ile d  co n s id e ra tio n  o f th e  re ­
s p o n s e  o f so ils  to  d y n a m ic  an d  re p e a te d  lo a d in g , 
a n d  th e  m e a su re m e n t o f th e se  c h a ra c te r is t ic s . A n a ly t­
ica l m o d e ls  o f s im p le  fo u n d a tio n s  o n  e la s tic  m e d ia  
a n d  d e s ig n  m e th ods . A n a lys is  a n d  d e s ig n  e xam p les .
IID 718  C a s e  S tu d ie s  in S o il M e c h a n ic s  and  
F o u n d atio n  E n g in e e rin g  S p rin g . C re d it th re e  
hou rs. P re re q u is ite : IID 610 . D. A . S angrey, J . N. Kay. 
S tu d y  o f real e n g in e e r in g  p ro b le m s  o f va r io u s  typ e s , 
im p o rta n c e  of th e  g e o lo g ic a l e n v iro n m e n t in re c o g n iz ­
in g  th e  na tu re  o f fie ld  p ro b le m s , a p p lic a tio n  o f 
m e c h a n ic s  an d  so il p ro p e rtie s  to  o b ta in  e n g in e e r in g  
s o lu tions . P re p a ra tio n  o f e n g in e e r in g  reports .
IIID 631  P a vem en t D es ig n  and  C o n s tru c tio n  On
d e m a n d . C re d it th re e  hou rs. Two le c tu re s , one  
la b o ra to ry  P re re q u is ite : IID301 o r c o n s e n t o f in s tru c ­
tor. N o t o ffe re d  1 9 7 5 -7 6 .
P art I: s u b g ra d e  e va lu a tio n , c o m p a c tio n , d ra in a g e  
a n d  fro s t ac tio n , s ta b iliza tio n . P a rt II: a g g re g a te s ,
C o m p u te r S c ie n c e  89
b itu m in o u s  m ate ria ls , e va lu a tio n  o t fle x ib le  p a ve m e n t 
c o m p o n e n ts , d e s ig n  a n d  c o n s tru c tio n  o f f le x ib le  
p a ve m e n t s truc tu re . Part III: d e s ig n  a n d  c o n s tru c tio n  
of r ig id  p a ve m e n ts .]
IID 632 H ig h w ay  E n g in e e rin g  (S am e as  A g r ic u l­
tu ra l E n g ine e ring  491 .) O ffe re d  u p o n  su ffic ien t d e ­
m and , usua lly  in th e  fa ll te rm . C re d it th re e  hou rs. P re­
requ is ite : c o n se n t o f instructo r. P r in c ip a lly  d ire c te d  
s tu d y  an d  in d iv id u a l o r team  in ve s tig a tio n s  w ith  one  
2 '/2-h o u r sess ion  p e r w eek, to  b e  a rra n g e d .
E m pha s is  is on  s e c o n d a ry  ro a d s  in s tu d y  of: 
e c o n o m ic  c o n s id e ra tio n s  in ro a d  sys tem  im p ro v e ­
m ent, ro a d  im p ro ve m e n t p la n n in g  a n d  p ro g ra m m in g , 
road  lo ca tion  an d  g e o m e tr ic  d e s ig n , e n g in e e rin g  soil 
c h a ra c te r is t ic s  an d  c la ss if ica tio n , d e s ig n  o f ro a d b e d  
th ickne ss , d ra in a g e , s ta b iliza tio n  m e th o d s  an d  m a te ­
ria ls, dus t p a llia tives , w e a rin g  su rfa ces .
IID691 D es ig n  P ro ject in G e o te c h n ic a l En­
g in eerin g  O n d e m a n d . C re d it one  to  s ix  hou rs. Staff 
D e s ig n  p ro b le m s  fre q u e n tly  a sso c ia te d  w ith  th e  M as­
te r o f E n g ine e ring  p ro g ra m .
IID 792  R esearch  in G e o te c h n ic a l E n g in eerin g
O n d e m a n d . C re d it one  to  s ix  hou rs. Staff,
For s tu d e n ts  w h o  w ish  to  s tu d y  one  p a rtic u la r  a re a  of 
ge o te c h n ic a l e n g in e e r in g  in d e p th . The w o rk  m ay  
take  th e  fo rm  o f a la b o ra to ry  in ve s tig a tio n , fie ld  study, 
th e o re tica l an a lys is , o r th e  d e ve lo p m e n t of d e s ig n  
p re ce d u re s .
IID 693 S e m in ar in G e o te c h n ic a l E n g in eerin g
O n d em and . C re d it o n e  to  tw o  hours. Staff. 
P resen ta tion  a n d  d is c u s s io n  of te c h n ic a l p a p e rs  a n d  
cu rre n t re se a rch  in th e  g en e ra l fie ld  of g e o te c h n ic a l 
e n g in e e rin g  o r one  o f its sp e c ia liz e d  fie lds.
IID 694  S p ec ia l Top ics in G eo tech n ica l En­
g in eerin g  O n d e m a n d . C re d it one  to  s ix  hou rs. Staff 
S u p e rv ise d  s tu d y  in sm a ll g ro u p s  in on e  o r m ore  
sp e c ia l to p ic s  not co v e re d  in th e  re g u la r  cou rses . 
S p ec ia l to p ic s  m ay  be  o f a th e o re tica l o r a p p lie d  na­
ture.
Com puter Science
A  g ro u p  o f in tro d u c to ry  p ro g ra m m in g  c o u rs e s  are  
s c h e d u le d  at d iffe ren t t im e s  d u r in g  e a ch  te rm  so  that 
s tu d e n ts  ca n  a sse m b le  an a p p ro p ria te  co m b in a tio n  
o f cou rses . IC S 100 is  a firs t c o u rse  in p ro g ra m m in g , 
us in g  P L /1 : it is g iv e n  d u rin g  th e  firs t e ig h t w e e ks  of 
e a ch  sem ester. IC S101, 102, 104, a n d  106 a re  one- 
c re d it co u rse s  tha t re ly  on  IC S 100 b u t ca n  b e  taken  
the sam e te rm . S tu d e n ts  ca n  s e le c t any  nu m b e r of 
co u rse s  from  th is  g ro u p  to  fit th e ir  n e e d s  an d  in ­
te rests . IC S 2 1 1 is a fo u n d a tio n s  c o u rse  in co m p u te rs  
an d  p ro g ra m m in g  th a t le a d s  to  m ore  a d va n c e d  
cou rses . S tu d e n ts  ta k in g  IC S101, 102, 104, o r 106 
shou ld  re g is te r fo r them  at th e  b e g in n in g  o f e a c h  te rm  
to a vo id  p a y in g  a la te  re g is tra tio n  fee.
IC S 1 00  In tro d u ctio n  to  PL/1 P ro g ra m m in g
E ither te rm . C re d it tw o  hou rs. Two le c tu re s  e a ch  
w eek, firs t e ig h t w e e ks  o f te rm  on ly ; th re e  e ve n in g  
q u izze s .
E lem en ta ry  n o n m a th e m a tica l p re s e n ta tio n  of c o m p u ­
te r p ro g ra m m in g , u s in g  PL71. N o  p re v io u s  p ro g ra m ­
m ing  e x p e rie n c e  is assu m e d .
IC S 1 01 Im p lic a tio n s  o f C o m p u te r T e c h n o lo g y
E ither te rm . C re d it one  hour. Two le c tu re s , w e eks  9 
th ro u g h  14 on ly : tw o  e ve n in g  q u izze s . P re requ is ite : 
p re v io u s  o r c o n c u rre n t re g is tra tio n  in IC S 100  o r 
e q u iva len t.
A  co n tin u a tio n  o f 100. O ve rv ie w  o f c o m p u te r  c a p a b il­
ity  an d  a p p lic a tio n s . D iscu ss io n  o f im p lic a tio n s  of 
c o m p u te r te c h n o lo g y  fo r society.
IC S 102  In tro d u ctio n  to  F O R T R A N  P ro g ra m m in g
E ither te rm . C re d it o n e  hour. O ne  le c tu re , w e eks  9 
th ro u g h  14 on ly ; tw o  e v e n in g  q u izze s . P re requ is ite : 
p re v io u s  o r co n c u rre n t re g is tra tio n  in  IC S 100  o r 
equ iva le n t.
A  co n tin u a tio n  o f 100. In tro d u c tio n  to  p ro g ra m m in g  in 
FO RTR AN IV.
IC S 1 04  In tro d u ctio n  to  A P L  P ro g ra m m in g
E ither te rm . C re d it one  hour. S -U  g ra d e s  only. T hree  
le c tu re s , w e eks  5 th ro u g h  8 on ly ; in d iv id u a l la b o ra to ry  
w o rk  o n  th e  co m p u te r; tw o  e ve n in g  q u izze s . P re­
requ is ite : p re v io u s  o r co n c u rre n t re g is tra tio n  in 
IC S 100  o r e q u iva le n t.
A  co n tin u a tio n  of 100. In tro d u c tio n  to  in te ra c tive  p ro ­
g ra m m in g  u s in g  APL.
IC S 1 06  C o m p u te r S o lu tio n  o f M a th em atica l 
P ro b lem s E ither te rm . C re d it one  hour. O ne  lectu re , 
w e e ks  9  th ro u g h  14 on ly ; tw o  e ve n in g  q u izze s . P re­
requ is ite : p re v io u s  o r co n c u rre n t re g is tra tio n  in 
IC S 100  o r e q u iva len t.
A  c o n tin u a tio n  o f 100. A n  in tro d u c tio n  to  n u m e rica l 
co m p u ta tio n . T op ics  a re  floa tin g  po in t re p re se n ta tio n , 
a p p ro x im a tio n s  a n d  lib ra ry  fu n c tio n s , an d  ty p ic a l 
a lg o rith m s .
IC S 1 05  T h e  C o m p u te rize d  S o c ie ty  Fall. C re d it 
th re e  hours.
The  e co n o m ic , p o lit ica l, a n d  cu ltu ra l im p a c t of c o m ­
pu te rs  an d  c o m p u te r-re la te d  te chno logy . S e m ina r 
s ty le  w ith  so m e  le c tu re s  to  p ro v id e  b a c k g ro u n d  m a te ­
rial. S p e c if ic  to p ic s : c o m p u te r te chno logy , th e  c a s h ­
le ss  soc ie ty , sys te m s a p p ro a c h  to so c ia l p rob lem s, 
law  e n fo rce m e n t, p o lit ica l c a m p a ig n s , d a ta  b a n ks  
and  privacy , e d u ca tio n , m a ch in e  crea tiv ity , and 
m a ch in e  in te llig e n ce .
IC S211 C o m p u te rs  and  P ro g ra m m in g  Either 
te rm . C re d it th re e  hou rs. Two le c tu re s , on e  la b o ra to ry ; 
tw o  e ve n in g  q u izze s . P re requ is ite : IC S 100 o r e q u iv a ­
len t p ro g ra m m in g  e xp e rie n ce .
A n in -d e p th  s tu d y  o f p ro g ra m m in g  w ith  a b r ie f in tro ­
d u c tio n  to  o th e r a re a s  of c o m p u te r sc ie nce . Top ics  
in c lu d e : a n a lys is  o f s p e e d  of e xe cu tio n , p ro c e d u re s  
and  re cu rs io n , p ro v in g  p ro g ra m s  c o rre c t, d a ta  s tru c ­
tu res , m a ch in e  o rg a n iza tio n . P ro g ra m m in g  an d  d e ­
b u g g in g  on  a c o m p u te r a re  an e sse n tia l p a r t o f th is  
course.
9 0  C o m p u te r S c ien c e
IC S 2 8 0  D iscre te  S tru c tu re s  Fall. C re d it th re e  
hou rs. Th ree  le c tu res . P re requ is ite : IC S 100  or 
IC S211.
F un dam en ta l m a th e m a tica l c o n c e p ts  re le va n t to  
c o m p u te r sc ie nce . Sets, re la tio ns , g ra p h s , a lg e b ra ic  
s tru c tu re s , p a rtia l o rd e rin g s , la ttices , an d  B o o lea n  
a lg e b ra s . T h e o re tica l a n d  p ra c tic a l a p p lic a tio n s .
IC S 3 1 4  In tro d u c tio n  to  C o m p u te r  S y s te m s  and  
O rg an iza tio n  E ither te rm . C re d it fo u r hours. Two 
le c tu res , on e  labora to ry. P re requ is ite : ICS211 o r 
e q u iva le n t p ro g ra m m in g  e xp e rie n ce .
L o g ica l s tru c tu re  o f d ig ita l c o m p u te rs . R e p re sen ta tion  
o f in fo rm a tion , a d d re s s in g  m e ch a n ism s . S to ra g e  and  
pe rip h e ra l h a rd w a re  a n d  th e ir  ch a ra c te r is t ic s , th e  
in p u t-o u tp u t ch a n n e l, in te rrup ts . A s s e m b ly  la n g u a g e  
p ro g ra m m in g ; fo rm a t a n d  b a s ic  in s tru c tio n s , th e  as­
s e m b ly  p ro ce ss , m a cro s . B rie f d e s c r ip tio n  of o p e ra t­
ing sys tem s, lo ade rs , in te rp re te rs , a n d  co m p ile rs . 
P ro g ra m m in g  an d  d e b u g g in g  a sse m b ly  la n g u a g e  
p ro g ra m s  on  a c o m p u te r a re  an  e sse n tia l p a r t o f th is  
course .
IC S 3 2 1 -3 2 2  In tro d u ctio n  to  N u m e rica l 
A n a ly s is  T h ro u g h o u t th e  year. C re d it fo u r hou rs  a 
te rm . T hree le c tu res . P re requ is ites : M a th e m a tics  222  
or 2 9 4  an d  kn o w le d g e  of a p ro g ra m m in g  la n g u a g e  
su ch  as  FO RTRAN, A L G O L, o r PL/1.
S tuden ts  so lve  re p re se n ta tive  p ro b le m s  b y  p ro g ra m ­
m ing  a p p ro p ria te  a lg o rith m s . N u m erica l m e th o d s  fo r 
sys te m s of linea r e q u a tio n s , e ig e n va lu e s , in te rp o la ­
tion , d iffe re n tia tio n , le as t sq u a re s , C h e b y s h e v  so lu ­
tion  to  d is c re te  an d  co n tin u o u s  sys tem s, a n d  in te g ra ­
tion . N u m erica l so lu tion  o f d iffe re n tia l e q u a tio n s  an d  
no n lin ea r e q u a tio n s  in seve ra l va ria b le s .
IC S 4 10  D ata S tru c tu re s  Fall. C re d it fo u r hours. 
Tw o le c tu re s . P re requ is ite : IC S 314  o r e q u iva len t.
Lists, trees, g ra p h s , an d  o th e r fo rm s  o f d a ta  s tru c ­
tu re s . L ist o p e ra tio n s  in c lu d in g  lin e a r lis ts, c irc u la r  
lis ts, a rrays, a n d  m u lt ilin ke d  s tru c tu re s . B in a ry  tree  
re p re se n ta tio n , tree  trave rsa l, tre e  enu m e ra tio n . G a r­
b a g e  c o lle c tio n  a n d  d y n a m ic  s to ra g e  a lloca tio n . 
S e a rch  an d  so rtin g  te c h n iq u e s .
ICS411 P ro g ra m m in g  L a n g u a g e s  Fall. C re d it 
fo u r  hou rs. Th ree  le c tu re s . P re requ is ite : IC S 410 or 
c o n se n t o f instructor.
An in tro d u c tio n  to  the  s tru c tu re  of p ro g ra m m in g  la n ­
g u a g e s . S p e c if ica tio n  of syn tax  an d  se m a n tics . P ro p ­
e rtie s  o f a lg o rith m ic , lis t p ro ce ss in g , an d  s tring  m a n ­
ip u la tio n  la n g u a g e s : b a s ic  d a ta  ty p e s  a n d  s truc tu res , 
o p e ra tio n s  on da ta , s ta te m e n t typ e s , a n d  p ro g ra m  
struc tu re . M a c ro la n g u a g e s  a n d  th e ir  im p le m e n ta tio n . 
R un-tim e  re p re se n ta tio n  o f p ro g ra m s  a n d  da ta . S to r­
a g e  m a n a g e m e n t te c h n iq u e s .
IC S 4 14  S y s te m s  P ro g ra m m in g  a n d  O p era tin g  
S y s te m s  Sp ring . C re d it fo u r hou rs. T hree  le c tu res . 
P re requ is ite : IC S 314 o r co n se n t o f instructor.
T he  lo g ic a l d e s ig n  o f sys tem s p ro g ra m s  w ith  e m ­
ph a s is  o n  m u lt ip ro g ra m m e d  o p e ra tin g  sys tem s. 
L oa de rs , in p u t-o u tp u t m e th o d s , in te ra c tin g  p ro c e s ­
ses, b a s ic  re so u rce  con tro l, m a in  s to ra g e  m a n a g e ­
m ent, sha rin g , v irtua l c o m p u te r sys tem s, file  sys tem s. 
C a se  s tud ie s . P ro jec t in vo lv in g  th e  d e s ig n  a n d  im ­
p le m e n ta tio n  of a  sm a ll system .
IC S 4 8 1 -4 8 2  In tro d u c tio n  to  T h e o ry  o f C o m p u tin g
I, II T h ro u g h o u t th e  year. C re d it fo u r ho u rs  p e r te rm . 
T h re e  le c tu re s . P re re q u is ite s : IC S 2 1 1 a n d  IC S 2 80  or 
e q u iv a le n t m a th e m a tics , o r c o n se n t o f ins truc to r. 
In tro d u c tio n  to  m o d e rn  th e o ry  o f c o m p u tin g . C o ve rs  
re su lts  from  a u to m a ta  theory, fo rm a l la n g u a g e s , e ffe c ­
t iv e  co m p u ta b ility , c o m p u ta tio n a l com p le x ity , and  
a n a lys is  o f a lg o rith m s . In c lu d e s  fin ite  au tom a ta , 
p u s h -d o w n  au to m a ta , Turing m a ch in e s , ra n d o m  a c ­
c e s s  m a ch in e s , re g u la r  se ts , c o n te x t-fre e  la n g u a g e s , 
p a rs in g  a lg o rith m s , re cu rs iv e ly  e n u m e ra b le  se ts , un- 
s o lv a b le  p ro b le m s , m e a su re s  o f com p le x ity , d a ta  
s tru c tu re s , d e p th  firs t se a rch , g ra p h  a lg o rith m s , so rt­
ing , re cu rs io n , d y n a m ic  p ro g ra m m in g , a n d  in tro d u c ­
tio n  to  re d u c ib ilit ie s .
IC S 6 1 1 F o rm a l S p e c ific a tio n s  o f P ro g ra m m in g  
L an g u ag es  Fall. C re d it fo u r hou rs. T h re e  le c tu res . 
P re requ is ite : ICS411 o r e q u iva le n t.
Form al se m a n tic  s p e c ific a tio n  o f p ro g ra m m in g  la n ­
g u a g e s  in c lu d in g : la m b d a  c a lc u lu s  m o d e ls , V ienna  
d e fin it io n  la n g u a g e , a n d  re c u rs iv e  fu n c tio n s . 
A x io m a tic  a p p ro a c h e s  to  la n g u a g e  de fin itio n . Vari­
a b le - fre e  la n g u a g e s .
IC S 6 1 2  T ra n s la to r  W ritin g  S p rin g . C re d it fou r 
hou rs. T h re e  le c tu re s . P re requ is ite : IC S 6 1 1 o r c o n ­
se n t o f instructor.
D is c u s s io n  o f th e  m o d e ls  a n d  te c h n iq u e s  u se d  in the  
d e s ig n  a n d  im p le m e n ta tio n  o f c o m p ile rs . Top ics  in­
c lu d e  le x ica l a n a lys is  in tra n s la to rs , c o m p ila tio n  of 
a r ith m e tic  e x p re s s io n s  a n d  s im p le  s ta tem en ts , 
s p e c ific a tio n s  o f syn tax , a lg o r ith m s  fo r s yn ta c tic  
a n a lys is , c o d e  g e n e ra tio n  an d  o p tim iza tio n  
te ch n iq u e s , b o o ts tra p p in g  m e th o d s , c o m p ile r-  
c o m p ile r  sys tem s.
IC S 6 1 3  O p e ra tin g  S y s te m s  P rin c ip le s  Fall.
C re d it fo u r hou rs. T hree  le c tu re s . P re requ is ites : 
IC S 4 14  a n d  IC S 6 1 1 o r c o n se n t o f instructo r.
T he  s tru c tu re  a n d  o rg a n iz a tio n  o f o p e ra tin g  sys tem s. 
E m p h a s is  is g iv e n  to  fo rm a liza tio n s  o f th e  cen tra l 
p ro b le m s  of o p e ra tin g  sys te m s d e s ig n : th e  re la tio n ­
sh ip s  o f p a ra lle l c o m p u ta tio n s  an d  re so u rce  a llo c a ­
tion  te ch n iq u e s . D e s c rip tiv e  s c h e m a  fo r p a ra lle l 
p ro ce sse s , p ro c e s s  c o m m u n ica tio n . Im p le m e n ta tio n  
o f p ro c e s s  m a n a g e m e n t p r im itive s . M e m o ry  m a n ­
a g e m e n t: a d d re s s in g  te c h n iq u e s , re lo ca tio n , p a g in g , 
se g m e n ta tio n . P a g in g  a lg o r ith m s  an d  m o d e ls  fo r 
p ro g ra m  behavior. S ch e d u lin g  p ro b le m s : s c h e d u lin g  
o f p ro ce sso rs , m e m o ry  tra n s fe rs , in p u t-o u tp u t o p e ra ­
tions . S to ch a s tic  m o d e ls  fo r e v a lu a tin g  sch e d u lin g  
a lg o rith m s . P ro tec tion : p ro te c tio n  m e ch a n ism s , m o d ­
e ls  fo r th e  p ro te c tio n  p ro b le m , p ro te c tio n  do m a in s , 
c a p a b ilit ie s .
IIC S 6 1 5  M a c h in e  O rg a n iza tio n  S p ring . C re d it 
fo u r hou rs. Th ree  le c tu re s . P re re q u is ite : IC S 314  o r 
c o n s e n t o f instructo r. N ot o ffe re d  1 9 7 5 -7 6 .]
[ IC S 6 1 6  O p e ra tio n s  R e search  M o d e ls  fo r C o m ­
p u te r a n d  P ro g ra m m in g  S y s te m s  C re d it four 
hours. Two le c tu re s . P re re q u is ite s : IC S 6 1 1 an d  a 
c o u rs e  in p ro b a b ility  (e .g ., M a th e m a tics  371 o r E n­
g in e e r in g  IO D 660 ) o r  c o n se n t o f ins truc to r. N ot o f­
fe re d  1 9 7 5 -7 6 .)
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I IC S 6 1 8 P ic tu re  P ro c e s s in g  Sp ring . C re d it four 
hours. T hree le c tu res . P re requ is ite : ICS611 o r c o n ­
sent o f instructo r. N ot o ffe re d  1975—76 ]
IC S 6 2 1 -6 2 2  N u m e rica l A n a ly s is  T h ro u g h o u t the 
year. C re d it fo u r hou rs  a te rm . T hree  le c tu res . P re­
requ is ites : M a th e m a tics  411 an d  kn o w le d g e  o f a 
p ro g ra m m in g  la n g u a g e  su ch  as FO RTRAN, A LG O L, 
o r P L /1 , o r co n s e n t of instructo r.
A  m ore  th o ro u g h  tre a tm e n t of th e  m ate ria l of 
IC S 3 2 1 -3 2 2 , at a fa s te r pace , and  c o v e r in g  a d d itio n a l 
to p ics . E m pha s is  on  a lg o rith m s  a p p ro p ria te  fo r use 
w ith  c o m p u te rs .
IC S 6 32  File P ro c ess in g  (S am e as  Indus tria l En­
g in e e rin g  an d  O p e ra tio n s  R e sea rch  IO R 682.) Fall. 
C re d it fou r hou rs. Two le c tu res . P re requ is ite : IC S 2 1 1. 
C o n ce rn e d  w ith  th e  p ra c tic a l p ro b le m s  of p ro ce ss in g  
la rg e  se ts  o f s tru c tu re d  d a ta . T op ics  in c lu d e  p ro b ­
le m s of file  o rg a n iza tio n , se a rch in g , so rtin g , security , 
recovery, co n cu rre n cy . D iscu ss io n  o f la n g u a g e s  a n d  
o p e ra tin g  sys tem  se rv ice s  fo r file  p ro c e s s in g . C o n ­
c e rn e d  a lso  w ith  te c h n iq u e s  fo r d e s ig n  an d  p ro ­
g ra m m in g  o f la rge, lo n g -live d , o fte n -c h a n g e d , and 
h ig h ly  re lia b le  sys tem s.
IC S 6 35  In fo rm atio n  O rg a n iza tio n  and  R e­
trie v a l S p ring . C re d it fo u r hou rs. Two le c tu re s . P re­
requ is ite : IC S 410 o r e q u iva len t.
In tro d u c tio n  to  in fo rm a tio n  re trieva l. F ile  o rg a n iza tio n  
an d  sea rch  a lg o rith m s . S ta tis tica l a n a lys is  a n d  au­
to m a tic  c la ss ifica tio n  o f in fo rm a tion . S truc tu ra l la n ­
g u a g e  ana lys is . D ic tio n a ry  te ch n iq u e s . In te ra c tive  re ­
trieva l. Q uestion  a n d  a n sw e rin g  an d  d a ta  b a s e  re ­
trieva l. E va lua tion  of re trieva l e ffec tive ness.
IIC S 641  M ath em atica l S ym b ol M an ip u la tio n
S p ring . C re d it fo u r hou rs. P re requ is ites : IC S 4 10  and 
som e  kn o w le d g e  of d is c re te  m a th e m a tics  (e .g ., 
ICS280, ICS481, o r M a th e m a tics  431 ). Not o ffe red  
1 9 7 5 -7 6 .]
ICS681 T h e o ry  o f A lg o rith m s  and  C o m p u tin g  I
Fall. C re d it fou r hours. T hree  le c tu res . P re requ is ite : 
IC S 482 or co n se n t o f instructor.
A n a d v a n c e d  tre a tm e n t o f to p ic s  re la te d  to  ICS482, 
in c lu d in g  co m p u ta tio n a l m o d e ls  fo r ra n d o m  a c c e s s  
m ach in es , m e asu res  o f com p le x ity , a n a lys is  o f a l­
g o rith m s , a r ith m e tic  com p le x ity , lo w e r b o u n d s  on 
c o m p le x ity  o f p ra c tic a l p ro b le m s , re d u c ib ilit ie s , and  
p o lynom ia l co m p le te  p ro b le m s . A lg o rith m s  d is c u s s e d  
in c lu d e  fast Fou rie r tra n s fo rm , in te g e r an d  p o lynom ia l 
a r ith m e tic , eva lua tion , a n d  in te rpo la tion .
IC S 6 82  T h e o ry  o f A lg o rith m s  and  C o m p u tin g  II
S p ring . C re d it fou r hou rs. T hree  le c tu res . P re re q u is ­
ite: ICS481 o r c o n se n t o f instructo r.
A n  a d v a n c e d  tre a tm e n t of to p ic s  re la te d  to  IC S 4 8 1 , 
su ch  as a x io m a tic  tre a tm e n t o f c o m p u ta b ility  and  
c o m p u ta tio n a l com p le x ity , in c lu d in g  p ro o fs  from  the 
a x iom s  o f c e rta in  th e o re m s  su ch  as  R ice ’s theo rem , 
th e  s p e e d -u p  theo rem s, and  h ie ra rc h y  th eo rem s.
A lso  an a b s tra c t a c c o u n t of fo rm a l la n g u a g e s  (A F Ls, 
p r in c ip a l A F L s  an d  o the rs) a n d  a lg o rith m ic  la n ­
g u a g e s  (p ro g ra m  s ch e m a ta , s u b re c u rs iv e  la n ­
g u a g e s , a n d  o thers). A t th e  in s tru c to r's  d isc re tio n , the  
c o u rs e  w ill in c lu d e  su ch  to p ic s  as  s tru c tu re  o f the
p o lynom ia l d e g re e s , un ive rsa l s ch e m a ta  c la sses , 
G rz e g o rc z y k  h ie ra rchy, e q u iva le n ts  o f th e  LB A  p ro b ­
lem , c la sse s  o f in tra c ta b le  p ro b le m s , c o rre c tn e s s  of 
re cu rs io n  ru les , a s s ig n m e n t o f m e a n in g  to  p ro g ra m s , 
na tu ra l u n so lva b le  p ro b le m s  (w o rd  p ro b le m s , H il­
b e rt's  10th P rob lem , e q u iv a le n c e  o f s ch e m a ta , and  
o thers), in ve s tig a tio n s  o f t im e -s p a c e  tra d e -o ff (S av itch  
la n g u a g e s , C o o k ’s c la ss , an d  o thers).
IC S 7 09  C o m p u te r S c ie n c e  G ra d u ate  S e m in ar
Fall a n d  sp rin g . C re d it one  hour. O ne  sem inar. For 
g ra d u a te  s tu d e n ts  in te re s te d  in c o m p u te r  sc ie nce . 
Staff, v is ito rs , a n d  s tu d e n ts .
A  w e e k ly  m ee ting  fo r th e  d is c u s s io n  a n d  s tu d y  of 
im p o rta n t to p ic s  in th e  fie ld .
IC S 7 12  T h e o re tic a l A s p e c ts  o f C o m p ile r  C o n ­
s tru c tio n  S p ring . C re d it fo u r hou rs. Two le c tu res . 
P re requ is ites : IC S 6 1 2 a n d  ICS481.
F orm al m e th o d s  o f s yn ta c tic  a n a lys is  in c lu d in g  p re c ­
e d e n ce , b o u n d e d  c o n te x t, an d  LR te ch n iq u e s . G en­
era l p a rs in g  m e th o d s  a n d  th e ir  t im e -s p a c e  c o m p le x ­
ity. N o n ca n o n ica l p a rs in g  te ch n iq u e s . Form al 
m e th o d s  of o b je c t c o d e  op tim iza tio n .
IC S 7 1 9  S e m in ar in P ro g ra m m in g  E ither term . 
C re d it fou r hours. O ne sem inar. P re requ is ite : IC S 6 1 1 
o r co n s e n t of instructo r.
ICS721 S o lu tio n s  o f N o n lin e a r E q u a tio n s  and  
N o n lin ear O p tim iza tio n  P ro b le m s  Fall. C re d it four 
hours. P re requ is ite : IC S 622  o r c o n se n t o f instructo r. 
E m pha s is  on th e  r ig o ro u s  a n a lys is  of p ra c tic a l nu m e r­
ica l a lg o rith m s  fo r n o n lin e a r p ro b le m s . S a m p le  to p ic s  
a re  n o n lin e a r fu n c tio n a l a na lys is , c o n s tra in e d  and  
u n c o n s tra in e d  m in im iza tio n , an d  co m p u ta tio n a lly  
co n ve n ie n t m o d if ica tio n s  o f N e w to n ’s m e th od , in c lu d ­
in g  q u a s i-N e w to n  an d  p e n a lty  fu n c tio n  m e th o d s  and  
n o n lin e a r le as t squa res .
I IC S 7 2 3  N u m e rica l S o lu tio n  o f O rd in a ry  D iffe ren ­
t ia l E q u atio n s  and  In te g ra l E q u atio n s  Fall. C re d it 
fo u r hou rs. P re requ is ite : IC S 622  o r c o n s e n t o f in s tru c ­
tor. N ot o ffe red  1 9 7 5 -7 6 .]
IC S 7 25  N u m e rica l S o lu tio n  o f P artia l D ifferen tia l 
E q u atio n s  S p ring . C re d it fou r hou rs. H o u rs  to  be  
a rra n g e d . P re requ is ite : IC S 622 o r c o n s e n t o f in s tru c ­
tor.
G ene ra l c la ss ifica tio n , so lu tion  b y  m e th o d  of c h a ra c ­
te ris tic s , f in ite -d iffe re n ce  m e th o d s  fo r h y p e rb o lic  and  
e llip t ic  equ a tio n s , p a ra b o lic  e q u a tio n s  in tw o  d im e n ­
s ions, d ire c t so lu tion  o f e llip tic  fin ite -d iffe re n ce  e q u a ­
tions , ite ra tive  m e th o d s  fo r th e  so lu tion  o f e llip tic  e q u ­
a tions, b lo c k  m e th o d s  fo r la rg e  sys tem s, s in g u la ritie s  
in e llip t ic  e q u a tio n s , s ta b ility  in re la tio n  to  in itia l va lue  
p ro b le m s , an d  n o n lin e a r d is c re tiz a tio n  a lg o rith m s .
I IC S 7 2 7  In tro d u c tio n  to  A p p ro x im a tio n  
T h e o ry  S p ring . C re d it fo u r hou rs. P re requ is ite : 
IC S 622 o r co n se n t o f instructo r. N ot o ffe re d  1 9 7 5 -7 6 .]
IC S 7 2 9  S e m in a r in N u m e rica l A n a ly s is  E ither 
te rm . C re d it fo u r hours. P re requ is ite : co n s e n t o f in ­
s tructor.
92  E lectrica l E n g in eerin g
IC S 7 3 3  S e lec ted  Top ics in In fo rm atio n  P ro c e s s ­
ing (S am e a s  O p e ra tio n s  R e sea rch  IO R 789.)
IC S 7 34  S e m in a r in F ile  P ro c ess in g  Fall. C re d it 
a n d  h o u rs  to  b e  a rra n g e d . P re requ is ite : ICS733.
IC S 7 39  S e m in a r in In fo rm a tio n  O rg a n iza tio n  and  
R e trieva l E ither te rm . C re d it fou r hou rs. P re re q u is ­
ite: ICS635.
IC S781 A d van ce d  T h e o ry  o f C o m p u tin g  S p ring , 
a lte rn a te  years . C re d it fo u r hours. T hree  le c tu res . P re­
requ is ite : IC S 682 o r c o n se n t o f instructor.
A t th e  in s tru c to r's  d isc re tio n , a d v a n c e d  resu lts  in a u ­
to m a ta  theory, co m p u ta b ility , a n d  co m p u ta tio n a l 
com p le x ity . Top ics  m a y  in c lu d e : n o n e ffe c tive n e ss  o f 
s p e e d  up ; honest n a m in g  the o re m  fo r c o m p le x ity  
c la sses ; de fin ition  of o p e ra to r  c o m p le x ity  an d  re d u c i-  
b ility  c la sse s ; c o m p a r is o n  of th e  p o w e r o f p ro g ra m ­
m ing  la n g u a g e s ; re la tio n sh ip  b e tw e e n  a lg o rith m ic  
la n g u a g e s  an d  fo rm a l th e o rie s ; e q u iv a le n c e  a l­
g o r ith m s  fo r m u ltita p e  fin ite  au tom a ta ; th e  c o m p u ta ­
tiona l c o m p le x ity  o f d e c is io n  p ro b le m s  (P resburger, 
Tarsk i's  a lg o rith m s , e tc .); e q u iva le n ts  of th e  LB A  p ro b ­
lem  (p e b b le  au tom a ta , a u x ilia ry  p u s h d o w n  au tom ata ).
[ IC S 7 8 2  A d van ce d  T o p ics  in A lg o rith m s  S p ring , 
a lte rn a te  years . C re d it fo u r hou rs. T hree  le c tu res . 
P re requ is ite : IC S 682 o r c o n se n t o f instructo r. N ot o f­
fe re d  1 9 7 5 -7 6 .]
IC S 7 89  S e m in ar in A u to m ata  T h e o ry  E ither term . 
C re d it fo u r hours. O ne  sem inar. P re requ is ite : c o n se n t 
o f instructor.
IC S 7 90  S p ec ia l In v e s tig a tio n s  in C o m p u te r  
S c ien c e  E ither te rm . P re requ is ite : c o n se n t o f a 
c o m p u te r  s c ie n c e  adviser.
In d e p e n d e n t resea rch .
IC S 8 90  S p ecia l In v e s tig a tio n s  in C o m p u te r S c i­
e n c e  E ither term . P re requ is ite : c o n se n t o f a 
c o m p u te r s c ie n c e  adviser.
M as te r's  d e g re e  resea rch .
IC S 9 90  S peicat In v e s tig a tio n s  in C o m p u te r  S c i­
e n c e  E ither te rm . P re requ is ite : c o n se n t o f a 
c o m p u te r s c ie n c e  adviser.
D o c to ra l research .
Electrical Engineering
The c o u rs e s  in e le c tr ic a l e n g in e e r in g  a re  lis te d  un d e r 
th e  fo llo w in g  h e a d in g s : R e q u ire d  C o u rse s  (S ystem s 
S e quence , E le c tro p h y s ic s  S e quence , L a b o ra to ry  
S e quence ); E le c tive  a n d  G ra d u a te  C o u rse s  (T heo ry  
o f S ys tem s a n d  N e tw orks ; E le c tro n ics ; P ow er S ys ­
te m s  a n d  M a ch in e ry ; C o m m u n ica tio n s , In fo rm a tion , 
a n d  D e c is io n  T he ory ; C o m p u tin g  S ys tem s a n d  C o n­
tro l; R a d io  a n d  P lasm a  P h ys ics  a n d  E le c tro m a g n e tic  
Theory; G enera l); an d  C o urse s  o f In te re s t to  S tu d e n ts  
in  O th e r C u rricu la .
Required Courses
S y s te m s  S e q u e n c e
IEE311 A n a ly s is  o f  E lec trica l S y s te m s  I Fall. 
C re d it fo u r hou rs . T h re e  le c tu re s , on e  re c ita tio n - 
co m p u tin g  sess ion . P re re q u is ite s : IE E 2 1 0 a n d  
M a th e m a tics  294  o r e q u iva le n ts .
K irch h o ff la w s  a n d  n e tw o rk  e q u a tio n s , to p o lo g ic a l 
m e th o d s  in c irc u it  an a lys is . C o n c e p t o f s ta te ; s ta te  
a n a ly s is  of lin e a r sys tem s. Trans ient a n d  s te a d y -s ta te  
re s p o n s e  o f n e tw o rks  to  e xp o n e n tia l e xc ita tio n s , im ­
p e d a n ce , a n d  tra n s fe r fu n c tio n s . P ro p e rtie s  o f p a s ­
s ive  an d  a c tiv e  ne tw o rks , in tro d u c to ry  fre q u e n c y  d o ­
m a in  c irc u it  d e s ig n  a n d  syn thes is .
IE E 31 2  A n a ly s is  o f  E le c tric a l S y s te m s  II S p ring . 
C re d it fo u r hou rs. T h re e  le c tu re s , one  re c ita tio n - 
c o m p u tin g  sess ion . P re re q u is ite : IEE311.
Fou rie r se rie s  ( re s p o n s e  o f lin e a r sys te m s  to  p e r io d ic  
exc ita tio n ), Fou rie r in te g ra l (re sp o n se  of ze ro  s ta te  
linea r sys te m s  to  a p e r io d ic  e xc ita tio n ), th e  c o n v o lu ­
tio n  in te g ra l ( tim e  d o m a in  re s p o n s e  o f lin e a r s ys ­
tem s), a p p lic a tio n  to  m o d u la tio n  m e th o d s , th e  s in g le - 
a n d  d o u b le -s id e d  L a p la c e  tra n s fo rm  (c o m p le te  re ­
sp o n s e  o f linea r sys tem s). T im e  a n d  fre q u e n c y - 
d o m a in  re la tio ns .
IEE401 R a n d o m  S ig n a ls  in S y s te m s  Fall. C re d it 
fo u r hou rs. T hree  le c tu re s , o n e  re c ita tio n -c o m p u tin g  
sess ion . P re re q u is ite : IEE312 o r e q u iva le n t. 
D e s c rip tio n  o f ra n d o m  s ig n a ls  a n d  a n a lys is  o f ran ­
d o m ly  e x c ite d  sys tem s. A n  in tro d u c tio n  to  th e  c o n ­
c e p ts  o f p robab ility , ra n d o m  va ria b le s , e x p e c ta tio n , 
ra n d o m  p ro ce sse s , an d  p o w e r s p e c tra . A p p lic a tio n s  
a re  d ra w n  fro m  the  a re a s  o f co m m u n ic a tio n , con tro l, 
a n d  p a tte rn  c la ss ifica tio n .
E le c tro p h y s ic s  S e q u e n c e
IE E 3 1 3 -3 1 4  E le c tro m a g n e tic  F ie ld s  and  
W a ves  Fall a n d  sp rin g . C re d it fo u r hou rs . T h re e  le c ­
tu res , o n e  re c ita tio n -c o m p u tin g  sess ion . P re re q u i­
s ites: P h ys ics  2 3 3  an d  2 3 4  a n d  M a th e m a tic s  294 , or 
equ iva le n t.
F o u n d a tio n s  o f e le c tro m a g n e tic  th e o ry  fo r  s ta tic  an d  
d y n a m ic  fie lds , w ith  a p p lic a tio n s  to  e n e rg y  s to rage , 
p ro p a g a tio n , a n d  rad ia tion . T op ics  w ill in c lu d e  M ax­
w e ll's  e q u a tio n s , so lu tio n  o f e le c tro s ta tic  p ro b le m s  by  
s e p a ra tio n  o f v a r ia b le s , P o y n tin g ’s theo rem ; p lane  
w a ve s  in iso tro p ic  d ie le c tr ic s  an d  c o n d u c to rs , e n e rg y  
in d is p e rs iv e  m ed ia , re fle c tio n  a n d  re fra c tio n  o f p lane  
w a ves; tra n sm iss io n  lines , w a v e g u id e s , ca v itie s ; 
p la n e  w a ve s  in a n is o tro p ic  d ie le c tr ic s ; ra d ia tio n  a n d  
an tenna s . A t th e  leve l of F ie ld s  a n d  W aves in  C o m ­
m u n ic a tio n  E le c tro n ic s  by  R am o, W hinnery, an d  
Van Duzer.
IE E 411  Q u an tu m  T h e o ry  and  A p p lic a tio n s  Fall. 
C re d it fo u r hou rs. T h re e  le c tu re s , one  re c ita tio n - 
c o m p u tin g  se ss io n . P re re q u is ite s : IE E 3 1 3 -3 1 4  
o r e q u iva le n t.
In tro d u c to ry  q u a n tu m  m e c h a n ic s  w ith  p a rt ic u la r  e m ­
p h a s is  on  th o se  c o n c e p ts  a n d  re su lts  n e c e s s a ry  fo r 
u n d e rs ta n d in g  m o d e rn  so lid  s ta te  an d  q u a n tu m  e le c ­
tro n ic  d e v ice s . T he  m e c h a n ic s  o f th e  th e o ry  w ill be
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p re se n te d  in te rm s  of w a ve  fu n c tio n s , o p e ra to rs , and  
so lu tions  o f S c h ro e d in g e r ’s eq u a tio n . T o p ics  w ill in ­
c lu de , fo r exam p le , w a v e -p a rtic le  dua lity, a n g u la r 
m om e n tu m , sp in , p a rt ic le s  in p o te n tia l w e lls , an d  th e  
h yd ro g e n  a tom . W here  p o ss ib le , o n e -d im e n s io n a l 
m o d e ls  w ill b e  used , b u t sp e c ia l fe a tu re s  o f tw o - and  
th re e -d im e n s io n a l m o d e ls  w ill b e  d is c u s s e d . A p p lic a ­
t io n s  w ill in c lude : tu n n e lin g , e le c tro n s  in p e r io d ic  po ­
ten tia l, d e n s ity  of s ta te s  a n d  e n e rg y  b a n d s  in so lids , 
p e r io d ic  tab le , and  a to m ic  s truc tu re . A t th e  leve l of 
B a s ic  Q u a n tu m  M e c h a n ic s  b y  W hite.
L a b o ra to ry  S e q u e n c e
IE E 31 5  E lec trica l L a b o ra to ry  I Fall. C re d it fou r 
hou rs. Two le c tu re s , tw o  la b o ra to rie s . P re requ is ite : 
IEE210.
B a s ic  e le c tr ic a l a n d  e le c tro n ic  in s tru m e n ta tio n  and  
m e a su rem en ts  in vo lv in g  c irc u its  and  f ie ld s  o f bo th  a c ­
t ive  a n d  p a ss ive  e lem e n ts ; an  e xp e rim e n ta l in tro d u c ­
tion  to  so lid -s ta te  an d  h ig h -v a c u u m  d e v ice s ; d .c . 
m ach in es .
IE E 31 6  E lectrica l L a b o ra to ry  II S p ring . C re d it 
fo u r hours. Two le c tu res , tw o  la bo ra to ries . P re re q u i­
sites: IEE311 an d  IEE313.
L a b o ra to ry  s tu d ie s  o f so lid -s ta te  p h e n o m e n a  an d  d e ­
v ice s ; e xp e rim e n ts  illu s tra tin g  th e  use o f th e  d ig ita l 
c o m p u te r in e le c tr ic a l e n g in e e rin g ; la b o ra to ry  s tu d ie s  
of h ig h -fre q u e n c y  p h e n o m e n a  a n d  d e v ice s ; an 
in tro d u c tio n  to  a .c . m ach inery.
Elective and Graduate Courses
O f th e  fo llo w in g  e le c tiv e  a n d  g ra d u a te  cou rses , c e r ­
ta in  one s m ay  not b e  o ffe re d  e ve ry  ye a r if th e  d e ­
m and is  c o n s id e re d  to  b e  insu ffic ien t.
T h e o ry  o f S y s te m s  and  N e tw o rks
IE E 62 0  B io e le c tric  S y s te m s  Sp ring . C re d it th re e  
ho u rs  (a d d itio n a l o n e -h o u r la b o ra to ry  b y  sp e c ia l a r­
ra n g e m e n t w ith  the  in s truc to rs ). T hree  le c tu res . P re­
re q u is ite : IEE312 o r B io lo g ica l S c ie n ce s  4 2 3  o r 42 7  o r 
P h ys ics  360 . R. R. C a p ra n ica , M. Kim.
A p p lic a tio n  of e le c tr ic a l sys tem s te c h n iq u e s  to  b io lo g ­
ica l p ro b le m s . E le c trica l a c tiv ity  o f ne rve  ce lls ; g e n e r­
a tion  a n d  p ro p a g a tio n  o f ne rve  im pu lse ; v o lta g e  
c la m p  te ch n iq u e , H o d g k in -H u x le y  m ode l, and  its 
p h a se -p la n e  ana lys is ; e le c tr ic a l e x c ita b ility  a n d  tra n s ­
fe r fu n c tio n  of n e u ro m u scu la r sys tem s; s y n a p tic  
tran sm iss ion ; m o d e ls  of ne rve  ce lls  a n d  co n tro l s ys ­
tem  a n a lys is  o f o s c illa to ry  activ ity. Fun ctiona l 
ne u roa na to m y; se n so ry  re c e p to rs  an d  e n c o d in g  in 
th e  p e rip h e ra l a n d  ce n tra l n e rvo u s  sys tem ; a n a lys is  
o f e le c tro p h y s io lo g ic a l d a ta ; e le c tro d e s  a n d  in ­
s trum en ta tion  te c h n iq u e s  fo r m o n ito r in g  p h ys io lo g ica l 
even ts .
IIE621 In tro d u ctio n  to  B io m ech an ic s , B io en ­
g in eerin g , B ion ics , and  R o b o ts  (S am e as  T he o re t­
ica l a n d  A p p lie d  M e ch a n ics  IA H 6 0 1 .) Fall. C re d it 
th re e  hours. P re re q u is ite s : e le m e n ta ry  d iffe ren tia l 
e q u a tio n s , linear a lg e b ra , a n d  p ro b a b ility ; o r co n se n t 
o f instructo r. H. D. B lock .
For c o u rse  d e sc r ip tio n , see  T h e o re tica l a n d  A p p lie d  
M e c h a n ic s  IA H 6 0 1 .
IE E 62 3  A c tive  a n d  D ig ita l N e tw o rk  D es ig n  Fall 
C re d it th re e  o r fo u r hou rs  ( fou r ho u rs  w ith  la bo ra to ry ). 
Th re e  le c tu re s , on e  labora to ry . P re requ is ite : IEE312. 
In tro d u c tio n  to  n e tw o rk  syn th e s is  in te rm s  o f im m it- 
ta n c e  a n d  s ca tte r in g  p a ra m e te rs . D e s ig n  o f pass ive  
filte rs  an d  m a tch in g  ne tw o rks . A c tiv e  RC filte r syn ­
th e s is  u s in g  n e g a tiv e - im p e d a n c e  c o n ve rte rs  (N IC ), 
g y ra to rs , and  co n tro lle d  so u rce s . S ta te -va ria b le  
syn th e s is  te c h n iq u e s  u s in g  o p e ra tio n a l a m p lifie rs . 
P ra c tica l re a liza tions  o f a c tiv e  RC filte rs  an d  se n s itiv ­
ity  c o n s id e ra tio n s . A c tiv e  2 -p o rt n e tw o rk  th e o ry  a n d  
d e s ig n  o f tra n s is to r a m p lifie rs  (b ip o la r  a n d  FET), 
N e g a tive -re s is ta n ce  a m p lifie rs  u s in g  tu n n e l d io d e s  
an d  va ra c to rs . In tro d u c tio n  to  d ig ita l s ig n a l p ro c e s s ­
in g  a n d  d is c re te - tim e  n e tw o rk  d e s ig n . Z -tra n s fo rm  
an d  th e  d is c re te  Fou rie r tra n s fo rm  (DFT). D e s ig n  of 
n o n re cu rs ive  a n d  re cu rs ive  d ig ita l filte rs. R e a liza tions  
o f d ig ita l p ro ce ss in g  a lg o rith m s  b y  e ith e r so ftw a re  
p ro c e d u re s  o r h a rd w a re  im p le m e n ta tio n . The fast 
Fou rie r tra n s fo rm  (FFT) a lg o rith m s . T op ics  fo r the  o p ­
tiona l la b o ra to ry  sess ion : d e s ig n  a n d  c o n s tru c tio n  o f 
p a s s iv e  a n d  a c tiv e  f ilte rs  b a se d  on a n a ly tica l a n d  
c o m p u te r -a id e d  te c h n iq u e s  u s in g  a va ila b le  c o m p u te r  
p ro g ra m s ; tra n s is to r (b ip o la r  an d  FET) a m p lifie r d e ­
s ig n  u s in g  m e a su re d  s ca tte r in g  p a ra m e te rs ; s im u la ­
tion  an d  h a rd w a re  im p le m e n ta tio n  o f d ig ita l filte rs ; 
co m p u ta tio n a l re a liza tio n s  o f DFT a n d  FFT a lg o rith m s .
IE E 6 2 4  C o m p u te r M e th o d s  in E lec trica l E n ­
g in e e rin g  S p rin g . C re d it fo u r hou rs. P re requ is ite : 
IEE312. O p e n  to  q u a lif ie d  ju n io rs  w ith  c o n se n t o f in ­
s truc to r. C . Pottle.
D e s ig n e d  to  p re s e n t m o d e rn  te c h n iq u e s  fo r  so lv ing  
e le c tr ica l e n g in e e rin g  p ro b le m s  on  th e  d ig ita l c o m p u ­
ter. E m p h a s ize s  e ffic ie n c y  (m in im iz in g  o p e ra tio n  
co u n ts ) a n d  n u m e rica l s ta b ility  ra th e r than  th e o re tica l 
im p lica tio n s . L a b o ra to ry  sess ion  u se d  fo r  e x p e rim e n t­
in g  w ith  a lg o r ith m s  in an  in te ra c tiv e  e n v iro n m e n t. So l­
u tion  o f linea r an d  n o n lin e a r a lg e b ra ic  e q u a tio n s ; roo t 
f in d in g ; in te rp o la tio n  an d  e x tra p o la tio n ; in te g ra tio n ; 
so lu tion  o f o rd in a ry  d iffe ren tia l e q u a tio n s ; ra n d o m  
n u m b e r g e n e ra to rs . P a ram e te r o p tim iza tio n . C o m p u ­
te r h a rd w a re  a n d  s o ftw a re  c o n s id e ra tio n s  in im p le ­
m e n tin g  a lg o rith m s . A p p lic a tio n s  to  p o w e r sys tem s, 
con tro l sys tem s, c irc u it  d e s ig n , s e m i-c o n d u c to r  d e ­
v ice s , co m m u n ic a tio n  sys tem s.
IE E 62 5  C o m p u te r A id ed  N e tw o rk  D es ig n  Fall 
C re d it fou r hou rs. T hree  le c tu res . P re requ is ite :
IEE312. G. S zentirm ai.
F re q u e n cy  an d  t im e  d o m a in  a n a lys is  o f la rg e  linear 
c irc u its . S ta te -va ria b le  an d  m atrix  te ch n iq u e s . D .C. 
a n d  tra n s ie n t a n a lys is  o f n on lin ea r c irc u its . To le ranc- 
ing  an d  se n s itiv ity  ca lc u la tio n s , a d jo in t n e tw o rk  a p ­
p ro a ch . G ene ra l fo rm u la tio n  of c o m p u te r iz e d  d e s ig n  
m e th o d s  in t im e  o r fre q u e n c y  d o m a in s . U n c o n ­
s tra in e d  a n d  co n s tra in e d  o p tim iz a tio n  m e th o d s  and  
c o m p u te r  p ro g ra m s. M o d e lin g  o f c irc u its . F ilte r a n d  
a c tiv e  RC c irc u it  syn th e s is  m e th ods . M e th o d s  of 
e lim in a tin g  n u m e rica l se n s itiv ity  p ro b le m s . Im p le m e n ­
ta tion  o f a lg o rith m s  fo r c a s c a d in g  a c tiv e  a n d  d ig ita l 
c ircu its .
IE E 62 7  F u n d a m e n ta ls  o f L in ear N e tw o rks  Fall. 
C re d it fo u r hou rs. T hree  le c tu res . P re requ is ite :
IEE312. H. C a rlin .
S ca tte rin g , im m ittan ce , h yb rid , a n d  s ta te -s p a c e  fo r­
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m alism s. N o n re c ip ro ca l a n d  a c tive  n e tw o rk  p ro p e r­
ties . A p p lic a tio n s  o f T e lle g e n ’s the o re m . P ass ive  an d  
a c tiv e  n e tw o rk  in va rian ts . G ain  an d  s ta b ility  theo rem s. 
R e a liza b ility  an d  e n e rg y  th e o re m s  fo r m u lt ip o rt ne t­
w o rks . P ro p e rtie s  o f n e tw o rk  fu n c tio n s  in fre q u e n c y  
do m a in . A t th e  leve l o f N e tw o rk  Theory: A n  In tro d u c ­
tion  to  R e c ip ro c a l a n d  N o n -R e c ip ro c a l C irc u its  b y  
C a rlin  an d  G io rdano .
IE E 62 8  N e tw o rk  T h e o ry  and  A p p lic a tio n s
S p ring . C re d it fo u r hou rs. T h re e  le c tu re s . P re re q u i­
s ite : IEE627 o r IEE723, o r IEE625, o r c o n se n t of in ­
s tructor. H. C arlin .
A p p lic a tio n s  o f re a liz a b ility  th e o ry  a n d  syn th e s is  to  
in se rtio n  lo ss  d e s ig n  o f lu m p e d  filte rs  a n d  e q u a lize rs , 
d e s ig n  o f d is tr ib u te d  RC ne tw o rks , tra n sm iss io n  line  
f ilte rs , an d  linea r p h a se  s tru c tu re s . A m p litu d e -p h a s e  
tra n s fo rm  m e th o d s . Y ou la 's  g a in  b a n d w id th  th e o ry  as 
e m p lo y e d  fo r b ro a d b a n d  m a tch in g  an d  w id e b a n d  
a m p lifie rs . M o d e lin g  a n d  syn th e s is  o f d is tr ib u te d  sys ­
tem s. A p p lic a tio n  o f tra n sm iss io n  line  ne tw o rk  
m e th o d s  fo r  re a liza tio n  of d ig ita l filte rs.
IEE721 T h e o ry  o f L in ear S y s te m s  Fall C re d it 
fou r hours. P re requ is ites : IEE401 o r c o n se n t o f in­
structor. C . Pottle.
T he  s ta te -s p a c e  m ode l fo r lin e a r sys tem s. P ro p e rtie s  
o f o rd in a ry  linea r d iffe re n tia l eq u a tio n s . F u n dam en ta l 
an d  tra n s itio n  m a trice s . M a trix  e xp o n e n tia l func tions , 
th e  C a y le y -H a m ilto n  theo rem , a n d  th e  J o rd a n  form . 
T im e  in va ria n t a n d  tim e -va ry in g  n e tw o rk  a n d  sys tem  
response . C o n tro llab ility , o b se rva b ility , s tab ility . 
R e a liza b ility  o f linea r c a u sa l sys te m s a n d  a p p lic a tio n s  
o f Fourier, Lap lace , H ilb e rt T ransfo rm s. P a ley-W iene r 
theo rem . D is tr ib u te d  sys tem s. A t th e  leve l o f S ystem  
Theory  b y  P a du lo  a n d  A rb ib .
IE E 72 2  T h e o ry  o f N o n lin e a r S y s te m s S p ring  
C re d it fo u r hours. T hree  le c tu res , P re requ is ite : IEE721 
o r IEE723 o r co n se n t o f instructo r.
A n a lys is  o f firs t-  an d  s e c o n d -o rd e r  n o n lin e a r sys tem s 
w ith  a p p lic a tio n s . P h a se -p la n e  a n a lys is  o f a u to n o ­
m o u s  sys tem s; s in g u la r po in ts , lim it c yc le s , an d  
e q u ilib r iu m  s ta tes ; th e o rie s  o f B e n d ixso n , L ienard , 
a n d  P o incare ; re la xa tio n  b e h a v io r  in th e  p h a se  p lane ; 
s ta b ility  o f n o n lin ea r sys tem s; th e  m e th o d s  of 
L ya p u n o v  a n d  P opov; c irc le  c r ite ria . F o rce d  non lin ea r 
sys te m s, h a rm o n ics , su b h a rm o n ics , ju m p  
p h e n o m e n a , a n d  fre q u e n c y  en tra in m e n t; p e r io d ic  
sys te m s, F loque t theory, M a th ie u -H ill theory, a p p lic a ­
t io n s  to  th e  s ta b ility  o f n o n lin e a r sys te m s  a n d  to  
p a ra m e tric a lly  e x c ite d  sys tem s.
E lec tro n ics
IE E 4 3 0  In tro d u c tio n  to  L as ers  and  O p tica l E lec ­
tro n ic s  S p ring . C re d it fou r hou rs. Two le c tu re s , one  
le c tu re -re c ita tio n , on e  labora to ry. P re requ is ite : IEE314 
(or e q u iva le n t su ch  as  IP355 o r IP456) a n d  IE E 411 (or 
e q u iva le n t su ch  as  P h ys ics  443 ). G. J. W o lga  and  
R. A . M cFarlane .
A n in tro d u c tio n  to  s tim u la te d  e m iss io n  d e v ic e s  such  
a s  m ase rs , lase rs , an d  o p tic a l d e v ic e s  b a s e d  on 
linear a n d  n o n lin ea r re sp o n se s  to  co h e re n t fie lds. 
M ate ria l d is c u s s e d , b a s e d  on  q u a n tu m  m e ch a n ica l 
resu lts , w ill e m p lo y  p h e n o m e n o lo g ic a l th e o rie s  a n d  
w ill s tre ss  a p p lic a tio n s  to  m o d e rn  d e v ice s . S u b je c ts
w ill in c lu d e : p ro p a g a tio n  o f rays, sp h e ric a l w aves, 
a n d  g a u ss ia n  b e a m s; m ic ro w a v e  a n d  o p tic a l res­
on a to rs  an d  th e ir  fie ld  c h a ra c te r is t ic s ; in te ra c tio n  of 
m a tte r an d  ra d ia tion ; a b s o rp tio n  a n d  a m p lifica tio n ; 
th re s h o ld  fo r o sc illa tio n , ra te  e q u a tio n s , a n d  o u tp u t 
p ow er; s p e c ific  la se r a n d  m a se r sys tem s ; h a rm o n ic  
g e n e ra tio n  a n d  o p t ic a l m ix ing ; m o d u la to rs ; p a ra m e t­
r ic  co n ve rte rs ; d e te c to rs ; e le m e n ts  o f ho log raphy. 
Labora to ry, to  illu s tra te  an d  e la b o ra te  on  s p e c ific  le c ­
tu re  m a te ria l, w ill in c lu d e : a tom , m o lecu la r, a n d  so lid  
s ta te  la se r o s c illa to rs  a n d  th e ir  c h a ra c te r is t ic s ; m o d e  
p ro p e rtie s  o f c o h e re n t o p tic a l fie lds ; h a rm o n ic  g e n e r­
a tion ; o p tic a l m ix ing ; o p t ic a l c o m m u n ic a tio n s  link. A t 
th e  leve l o f In tro d u c tio n  to  O p tic a l E le c tro n ic s  b y  Yariv 
a n d  In tro d u c tio n  to  M a se rs  a n d  La se rs  b y  S e igm an .
IE E 4 3 2  S o lid  S ta te  P h y s ic s  and  
A p p lic a tio n s  S p rin g . C re d it fo u r hou rs . T h re e  le c ­
tu res , o n e  re c ita tio n . P re re q u is ite : IEE411 o r c o n se n t 
o f ins truc to r. L. F E astm an.
In tro d u c tio n  to  so lid  s ta te  ph ys ics ; a p p lic a tio n s  to  
e le c tro n ic  d e v ic e s . C la s s ic a l c o n c e p ts  o f so lid  s ta te  
p h ys ics , in c lu d in g  c rys ta l s truc tu re , sym m e tr ie s , re ­
c ip ro c a l la ttice , x -ra y  d iffra c tio n . S tra ins , soun d  
w a ve s , p h o n o n s  in c rys ta ls , B rillou in  z o n e  re p re s e n ta ­
tion  o f p e r io d ic  s tru c tu re s , b a n d  theory, e le c tro n s  an d  
ho les  in m e ta ls , in su la to rs  a n d  s e m ic o n d u c to rs , e le c ­
tro n  tra n s p o rt in s e m ic o n d u c to rs  in h ig h  e le c tr ic  f ie lds  
in c lu d in g  in te ra c tio n  w ith  p h o n o n s . D ie le c tr ic  a n d  
m a g n e tic  p ro p e rtie s  o f m a te ria ls , su p e rco n d u c tiv ity . 
E n g in e e rin g  a p p lic a tio n s  o f som e  o f th e s e  p h y s ic a l 
e ffe c ts , to  th e rm o e le c tr ic  e le m e n ts , tra n s is to rs , ju n c ­
tio n  la se rs , so la r ce lls , G unn  a n d  a v a la n c h e  d io d e s , 
an d  va r io u s  o th e r e le c tro n  d e v ice s . The  s tu d e n ts  w ill 
p re p a re  a  te rm  p a p e r  on  so m e  p h y s ic a l e ffec t, e n ­
g in e e r in g  a p p lic a tio n , o r e le c tro n  d e v ice . A t th e  level 
o f In tro d u c tio n  to  S o lid  S ta te  P h ys ics  b y  K itte l, 4 th  
ed itio n .
IE E 5 3 1 -5 3 2  E le c tro n ic  C irc u it D e s ig n  Fall and  
sp rin g . C re d it th re e  h o u rs  a te rm . Two le c tu re s , one  
labora to ry . P re re q u is ite : IEE316. N. H. B ryan t.
D e s ig n  te c h n iq u e s  fo r  c irc u its  u se d  in e le c tro n ic  in­
s tru m e n ta tio n . C irc u its  w ill be  d e s ig n e d  to  p ro v id e  
s p e c ific  fu n c tio n s , th e n  c o n s tru c te d  a n d  te s te d  in the  
labora to ry . A t th e  leve l o f E le c tro n ic s  fo r  S c ie n tis ts  by  
M a lm s ta d t e t at.
IEE631 - 6 3 2  S e m ic o n d u c to r  E le c tro n ic s  I and
II Fall a n d  s p r in g . C re d it fo u r h o u rs  a  te rm . T hree 
le c tu re s , on e  labo ra to ry . P re requ is ite : IE E 3 1 5 o r 
e q u iva le n t. P. D. A n krum .
B a nd  th e o ry  o f so lid s ; p ro p e rt ie s  of s e m ic o n d u c to r  
m ate ria ls ; th e  p h y s ic a l th e o ry  of p -n  ju n c tio n s , m eta l 
s e m ic o n d u c to r  c o n ta c ts , a n d  p -n  ju n c tio n  d e v ic e s ; 
fa b r ic a tio n  a n d  p ro p e rtie s  o f s e m ic o n d u c to r  d e v ic e s  
s u c h  as  d io d e s  a n d  re c tifie rs , lig h t-s e n s it iv e  a n d  
lig h t-e m itt in g  d e v ic e s , f ie ld -e ffe c t a n d  b ip o la r  tra n s is ­
to rs , u n iju n c tio n  tra n s is to rs , p -n -p -n  d e v ic e s  (d io d e s , 
co n tro lle d  re c tifie rs , a n d  sw itch e s ), in te g ra te d  c ir ­
cu its , e tc .; d e v ic e  e q u iv a le n t-c irc u it m o d e ls ; th e  a p ­
p lic a t io n s  o f s e m ic o n d u c to r  d e v ic e s  as  a c tiv e  o r p a s ­
s ive  e le m e n ts  in d is c re te -c o m p o n e n t a n d  in te g ra te d  
c irc u its  fo r use  as  p o w e r s u p p lie s , p o w e r co n tro ls , 
am p lifie rs , o s c illa to rs  a n d  m u ltiv ib ra to rs , p u lse  c ir ­
cu its , g a te s  an d  sw itch e s , e tc .; tra n s is to r no ise . A t the 
leve l o f S e m ic o n d u c to r  E le c tro n ic s  b y  A n krum .
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IE E 6 3 3 -6 3 4  S o lid  S ta te  M ic ro w a v e  D e v ic es  and  
S u b sys tem s I and  II Fall a n d  sp rin g . C re d it th re e  
hou rs  a te rm . Two le c tu res , one  labora to ry . P re re q u i­
s ites: IEE312 an d  IEE314 o r e q u iva le n ts .
G. C. D a lm an.
A  th e o re tica l an d  e xp e rim e n ta l s tu d y  o f m o d e rn  so lid  
s ta te  m ic ro w a ve  d e v ic e s  an d  su b sys te m s  b a se d  on  
th e  G unn  e ffe c t d iode , IMPATT d iode , TRAPATT d iode , 
tunne l d iode , p -n  d io d e , a n d  th e  trans is to r. In itia lly, the  
b a s ic  e le m e n ts  of m ic ro w a ve  sys tem s a n d  su b s y s ­
te m s  su ch  a s  m ic ro w a ve  cav ities , filte rs , o sc illa to rs , 
am p lifie rs , m o d u la to rs , and  d e te c to rs  a re  s tu d ie d , 
a n d  then  m ore  c o m p le x  e le m e n ts  s u ch  as  m ic ro w a ve  
n e tw o rk  ana lyze rs , su p e rh e te ro d y n e  re ce ive rs , s p e c ­
trum  ana lyze rs , no ise  m e a su rin g  e q u ip m e n t, tim e  
d o m a in  re flec tom e te rs , a n d  e xp e rim e n ta l D o p p le r 
R adars. T yp ica l uses  o f so lid  s ta te  d e v ic e s  in these  
su b sys te m s  a re  d is c u s s e d  a n d  a n a lyze d . In m any 
c a s e s  th e  su b sys te m s  th e m se lve s  a re  u se d  to  
c h a ra c te r iz e  th e  c irc u it  p a ra m e te rs  of m ic ro w a ve  
so lid  s ta te  d e v ic e s  a n d  o th e r su b sys te m s. A n  o p p o r­
tu n ity  to  s tu d y  a n d  o p e ra te  a w id e  va r ie ty  o f m ode rn  
tes t e q u ip m e n t su ch  as  th e  FI.P. n e tw o rk  ana lyzer, 
sa m p lin g  o sc illo s c o p e s , n e a r-ca rrie r o s c illa to r no ise  
tes t se ts , s p e c tru m  a na lyze rs , an d  m ic ro w a ve  
la b o ra to ry  tes t b e n ch  e q u ip m e n t. P a rtic ip a tio n  in the  
d e s ig n  an d  te s tin g  o f v a ra c to r  tu n e d  o sc illa to rs , low  
no ise  o sc illa to rs , D o p p le r  R a da r s p e e d  m e a su rin g  
d e v ice s , and  o th e r d e v ic e s  a n d  su b sys te m s  o f in ­
te re s t to  th e  c la ss . A t th e  leve l o f M ic ro w a ve  
S e m ic o n d u c to r  D e v ice s  a n d  The ir A p p lic a tio n s  
b y  W atson.
IE E 63 5  In te g ra te d  C ircu it T e c h n o lo g y  S p ring  
C re d it th re e  hou rs  o r fou r ho u rs  w ith  p ro je c t. Two le c ­
tu re s , one  labora to ry . P re requ is ite : IEE432 o r ITB262 
o r c o n se n t o f instructo r. J. Frey.
In te g ra te d  c irc u it te c h n iq u e s  a p p lic a b le  in th e  f ie lds  
o f c o m p u te r  ha rdw are , te le c o m m u n ic a tio n  sys tem s, 
a n d  o p to -e le c tro n ic s  a re  s tu d ie d , w ith  e m p h a s is  on 
d e v ic e  te c h n o lo g y  a n d  th e  s p e c ia liz e d  a p p ro a c h e s  to  
dev ice , c irc u it, a n d  sys tem  d e s ig n  re q u ire d  by 
la rg e -s c a le  fu n c tio n  in te g ra tio n . C o m p u te r lo g ic  and  
m e m o ry  e lem e n ts , bo th  M O S a n d  b ipo la r. Te lecom ­
m u n ica tio n  a p p lic a tio n s  in c lu d e  linea r IC s a n d  h y b r id  
in te g ra tio n  o f m ic ro w a ve  so lid  s ta te  d e v ice s , su ch  as 
G unn  an d  IMPATT o s c illa to rs  in tra n sm itte rs  a n d  re ­
ce ive rs . In te g ra te d  o p t ic s  an d  c o m p o u n d  se m ic o n ­
d u c to r  lig h t-e m itt in g  an d  se n s in g  d e v ic e s . To illu s tra te  
th e  te c h n iq u e s  d is c u s s e d , e a c h  s tu d e n t fa b rica te s  
p la n a r s ilico n  d io d e s  o r tra n s is to rs  in th e  m ic ro e le c ­
tro n ics  la bo ra to ry ; p ro je c t s tu d e n ts  la te r w o rk  o n  th e ir  
ow n in the  la b o ra to ry  on  to p ic s  o f th e ir  cho ice , such  
as  m ic ro w a ve  in te g ra te d  c irc u its , in te g ra te d  ga tes , 
a n d  o p to -e le c tro n ic  d e v ice s . A t th e  leve l o f cu rre n t 
p a p e rs  in IEEE J. S o lid  S ta te  C ircu its  an d  IEEE Trans, 
on  E le c tro n  D e v ices .
IE E 63 6  C ircu it D es ig n  fo r In te g ra tio n  Fall. C re d it 
th re e  hours. Two le c tu re s , one  s e m in a r-d e s ig n  la b o ra ­
tory. P re requ is ite : c o n se n t o f instructo r. J. Frey.
D e ta ils  o f c irc u it d e s ig n  fo r in te g ra tio n  in s ilico n  
m o n o lith ic  in te g ra te d  c irc u its  a n d  h y b r id  m ic ro w a ve  
in te g ra te d  c irc u its  w ill b e  d is c u s s e d . The lim ita tio n s  
o f and  th e  a d v a n ta g e s  a ffo rd e d  b y  th e  p h y s ic s  and  
te c h n o lo g y  o f th e  p ro c e s s e s  in vo lve d  in th e  fa b r ic a ­
tio n  of these  c irc u its  w ill be  d e v e lo p e d  in re la tio n  to
c irc u it  d e s ig n . T e ch n iq u e s  fo r c o m p le te  ve rtic a l in te ­
g ra tio n  o f c o m p le x  sys tem s, fro m  d e s ig n  th ro u g h  
m a te ria ls  p ro c e s s in g  to  fina l te s tin g . T op ics  w ill in ­
c lu d e : c o m p o n e n t-d ic ta te d  lim ita tio n s  on IC  de s ig n ; 
s p e c ia liz e d  fu n c tio n a l b lo c k s  fo r lin e a r a n d  d ig ita l 
ICs; sp e c ia l c o m p o n e n ts  a v a ila b le  to  m o n o lith ic  IC 
d e s ig n e rs  (e.g ., m u lt ip le -c o lle c to r  tran s is to rs ); fe e d ­
b a c k  in linea r IC  d e s ig n ; c h ip  layou t; th e rm a l c o n s id ­
e ra tions . The m e rg in g  o f d e s ig n  te c h n iq u e s  fo r m i­
c ro w a v e  in te g ra te d  c irc u its  an d  g ig a b it  d a ta  ra te  d ig i­
ta l IC s w ill a ls o  b e  d is c u s s e d . The c la s s  w ill u n d e r­
ta ke  a d e s ig n  p ro je c t. D e v ice  p h y s ic s  w ill be  c o n s id ­
e re d  a t th e  leve l o f P h ys ics  a n d  Techno logy  o f  
S e m ic o n d u c to r  D e v ic e s  b y  G rove ; a d d it io n a l re a d in g  
w ill b e  at th e  leve l of c u rre n t p a p e rs  in th e  IEEE J o u r­
n a l o f  S o lid  S ta te  C ircu its  a n d  S o lid  S ta te  E le c tro n ics .
IEE731 Q u an tu m  E le c tro n ic s  I Fall. C re d it four 
hou rs. T hree  le c tu re s , on e  re c ita tio n -c o m p u tin g  se s ­
s ion. P re requ is ites : IEE313, IEE314, a n d  P h ys ics  44 3  
or IEE411. C . L. Tang.
A  d e ta ile d  tre a tm e n t o f th e  p h ys ica l p r in c ip le s  u n d e r­
ly ing  o p tic a l m asers, re la te d  fie lds , an d  a p p lic a tio n s . 
T op ics  w ill in c lu d e : a re v ie w  o f q u a n tu m  m e c h a n ic s  
a n d  th e  q u a n tu m  th e o ry  o f a n g u la r m om e n tu m , the  
in te ra c tio n  o f ra d ia tio n  a n d  matter, th e  q u a n tu m  
m e ch a n ica l d e n s ity  m a tr ix  a n d  m a c ro s c o p ic  m a te ria l 
p ro p e rtie s , th e o ry  o f th e  la se r an d  m aser. A t th e  level 
of La se rs  b y  S m ith  an d  La se r P h ys ics  b y  
S a rg e n t e t at.
IE E 73 2  Q u an tu m  E le c tro n ic s  II S p ring . C re d it 
fo u r hou rs. T hree  le c tu re s , on e  re c ita tio n -c o m p u tin g  
sess ion . P re requ is ite : IEE731 o r co n s e n t o f instructor. 
R. A. M cFarlane .
A  c o n tin u a tio n  o f th e  tre a tm e n t o f th e  p h y s ic a l p r in c i­
p le s  u n d e rly in g  o p tic a l m ase rs  a n d  re la te d  fie lds . 
T o p ics  w ill in c lu d e : o p tic a l resona to rs ; o u tp u t p o w e r 
of a m p lifie rs  a n d  o sc illa to rs ; d is p e rs iv e  e ffe c ts  an d  
la se r o s c illa tio n  s p e c tru m ; L a m b  theo ry ; s p e c tro ­
s c o p y  o f a tom s, m o le cu le s , an d  ions  in c ry s ta ls  as 
e x a m p le s  of la se r m ed ia ; su rve y  o f ch e m ic a l a n d  dye  
lasers ; no ise  in o p tic a l d e v ice s ; p r in c ip le s  of e le c tro ­
o p t ic  a n d  p a ra m e tric  d e v ice s .
IE E 73 3  O p to -E le c tro n ic  D e v ic e s  Fall. C re d it fou r 
hou rs . T hree  le c tu res , o n e  re c ita tio n . P re requ is ite : 
IE E 411 an d  IEE432, o r e q u iva le n t. J. M. B a llan tyne .
A  va rie ty  o f o p to -e le c tro n ic  d e v ic e s  a re  c o n s id e re d  
w ith  th e  a im  o f p ro v id in g  a p h y s ic a l u n d e rs ta n d in g  of 
so m e  p ro p e rtie s  o f s o lid s  w h ich  a ffe c t th e ir  use  in o p ­
tica l d e v ic e s . T op ics  in c lu d e : a re v ie w  o f th e  m a c ro ­
s c o p ic  th e o ry  o f e le c tro m a g n e tic  w a ve s  in iso tro p ic , 
lossy, a n d  a n is o tro p ic  m ed ia ; sym m e try  g ro u p  th e o ry  
o f c rys ta ls ; d is c u s s io n  o f linea r e le c tro -o p tic  d e v ic e s  
s u c h  as  m o d u la to rs  an d  d e fle c to rs ; c la s s ic a l and  
q u a n tu m  m e ch a n ica l tre a tm e n t o f th e  m ic ro s c o p ic  
th e o ry  of d ie le c tr ic  co n s ta n t a n d  a b s o rp tio n  in so lid s  
d u e  to  e le c tro n ic  tran s itions . The  b a n d -th e o ry  o f 
ph o to e m iss io n  is d is c u s s e d . P h ys ics  o f ho t an d  c o ld  
c a rr ie r  tra n sp o rt, in c lu d in g  e ffe c ts  o f tra p p in g , re ­
co m b in a tio n , an d  sca tte r in g  a re  tre a te d , as is  p h o to ­
c o n d u c tiv ity  in s o lid s  a n d  no ise  in o p tic a l d e te c to rs . 
P rin c ip le s  a re  illu s tra te d  b y  th e ir  a p p lic a tio n  to  the  
p e rfo rm a n c e  a n a lys is  o f a c tu a l p h o to co n d u c tive , 
th e rm a l, a n d  p h o to e m iss ive  d e te c to rs . T o p ics  are  
m a in ly  c o n c e rn e d  w ith  se m ic o n d u c to rs , b u t m e ta ls
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an d  in su la to rs  a re  no t e x c lu d e d . A t th e  leve l o f 
D ie le c tr ic s  a n d  W aves b y  von  H ip p e l, P h o to c o n d u c ­
tiv ity  o f  S e m ic o n d u c to rs  b y  B ube, P h y s ic a l P ro p e rtie s  
o f C rys ta ls  b y  Nye, Q uan tum  E le c tro n ics  b y  Yariv, anc 
O p tic a l P ro ce sse s  in  S e m ic o n d u c to rs  b y  Pankove.
IE E 73 4  T h e o ry  a n d  A p p lic a tio n s  o f N o n ­
lin ea r O p tics  C re d it fo u r hou rs. T hree  le c tu res , one 
rec ita tion . P re requ is ite : IEE731 o r IEE733 o r the 
e q u iv a le n t of P h ys ics  572 . C. L. Tang.
R e cen t d e ve lo p m e n ts  in th e  th e o ry  an d  a p p lic a tio n s  
o f n o n lin ea r o p t ic s  a n d  re la te d  e le c tro -o p tic  d e v ice s . 
T op ics  in c lu d e : p ro p e rtie s  a n d  th e o rie s  on  n o n lin ea r 
o p tica l p ro ce sse s ; n o n lin e a r a n d  e le c tro -o p tic  p ro p e r­
t ie s  o f lll- IV  an d  ll-V I c o m p o u n d s  an d  o th e r o p tic a l 
m ate ria ls ; o p tic a l m ix ing ; fre q u e n c y  u p -co n ve rs io n  
a n d  d o w n -co n ve rs io n ; s p o n ta n e o u s  a n d  s tim u la te d  
p ro c e s s e s  in vo lv in g  n o n lin ea r in te ra c tio n s  o f e le c ­
tro m a g n e tic  w a ves, p ho nons , and  m o le cu la r v ib ra ­
tions ; an d  e le c tro -o p tic a l m o d u la to rs , o p tic a l 
p a ra m e tric  o sc illa to rs , an d  o the r n o n lin e a r and  
e le c tro -o p tic a l d e v ice s . A t th e  leve l o f Treatise in  
Q u a n tu m  E le c tro n ics , Vol. I -N o n lin e a r  O p tic s  e d ite d  
b y  R ab in  an d  Tang, an d  cu rre n t lite ra ture .
IE E 73 5  S o lid  S ta te  D e v ic es  I Fall C re d it fou r 
hou rs. T hree  le c tu res . P re requ is ite : IEE432 o r e q u iv a ­
lent. C . A. Lee.
P ro p e rtie s  o f s e m ic o n d u c to r  d e v ic e s  w ith  e m p h a s is  
o n  lo w -fre q u e n c y  o p e ra tio n  (b e lo w  1000 GFIz). D e­
v ic e s  b a s e d  on  th e  tunne l e ffec t: tunne l d io d e s , zene r 
d io d e s , fie ld  e m itte r ca th o d e s , th in  film  res is to rs . D e­
v ice s  b a se d  on  c h a rg e  flow  a c ro s s  se m ic o n d u c to r-  
s e m ic o n d u c to r  co n ta c ts : p -n  d io d e s , a va la n ch e  
d io d e s , tran s is to rs , fie ld  e ffe c t tra n s is to rs , un ip o la r 
tran s is to rs . D e v ice s  b a se d  on  m e ta l-s e m ic o n d u c to r  
co n ta c ts : S ch o ttky  d iode , S ch o ttky  triode . E m pha s is  
is  p la c e d  on  d e te rm in in g  th e  fa c to rs  u n d e rly in g  p e r­
fo rm a n c e  c a p a b ilit ie s . E q u iva len t c irc u its  a re  d e ­
v e lo p e d . The s tu d e n t w ill e ith e r c a rry  o u t a te rm  
la b o ra to ry  p ro je c t o r p re p a re  a te rm  p a p e r on  an a p ­
p ro p ria te  co n te m p o ra ry  to p ic . P resen ted  a t th e  level 
o f P h ys ics  o f  S e m ico n d u c to rs  b y  M oll a n d  o f cu rre n t 
p a p e rs  p u b lis h e d  in th e  IEEE T ransactions on  E le c ­
tron  D e v ic e s .
IE E 73 6  S o lid  S ta te  D e v ic es  II S p rin g  C re d it fou r 
hou rs. T hree  le c tu res . P re requ is ite : IEE735 o r e q u iv a ­
lent. C . A. Lee.
P ro p e rtie s  of s e m ic o n d u c to r  d e v ic e s  w ith  e m p h a s is  
on  h ig h  fre q u e n c y  o p e ra tio n  (a b o v e  1000 GFIz). The  
a p p ro a c h e s  to  th e  a n a lys is  to  b e  s tu d ie d  are: b a llis tic  
a na lys is , e le c tro n ic -n e tw o rk  ana lys is , s p a c e -c h a rg e  
w a ve  a n d  c o u p le d -m o d e  ana lys is . D e v ice s  s tu d ie d  
in c lu d e  a v a la n c h e  m ic ro w a ve  d io d e  (R ead  d io d e ), 
G unn  o sc illa to rs , fa s t re s p o n s e  p h o to  d io d e s , and  
o th e r co n te m p o ra ry  d e v ic e s . D e te rm in a tio n  o f th e  fa c ­
to rs  th a t u n d e rlie  p e rfo rm a n c e  c a p a b ilit ie s . E q u iva ­
le n t c irc u its  a re  d e v e lo p e d . T he  s tu d e n t w ill e ithe r 
c a rry  ou t a te rm  la b o ra to ry  p ro je c t o r p re p a re  a te rm  
p a p e r on  an  a p p ro p ria te  co n te m p o ra ry  to p ic . P re ­
s e n te d  at th e  leve l o f c u rre n t p a p e rs  p u b lis h e d  in the  
IEEE T ransac tio ns  o n  E le c tro n  D e v ices .
IE E 7 3 7  P h ys ic s  o f S o lid  S ta te  D e v ic e s  S p ring  
C re d it tw o  o r th re e  hou rs. Two le c tu res . P re requ is ite : 
IEE736 o r co n s e n t o f instructo r.
P h enom ena  a n d  p ro b le m s  a s s o c ia te d  w ith  c o n d u c ­
tion  in h ig h  e le c tr ic  fie lds , w ith  e m p h a s is  on  
s e m ic o n d u c to rs . A  re v ie w  o f ho t e le c tro n  p h e n o m e ­
na, e s p e c ia lly  w h e re  in s ta b ilitie s  a r ise  b e c a u s e  of 
m u lti-va lle y  b a n d  s tru c tu re  o r o th e r in te ra c tio n  of 
c h a rg e  c a rrie rs  w ith  th e  hos t c rys ta l. B a s ic  th e o ry  o f 
e le c tro n  an d  ho le  s ca tte r in g  b y  p h o n o n s  a n d  e xa m i­
na tio n  o f m e th o d s  o f o b ta in in g  d is tr ib u tio n  fu n c tio n s  
from  th e  B o ltzm a n n  eq u a tio n . M o d if ica tio n s  re q u ire d  
b y  c o m p lic a t io n s  o f b a n d  s truc tu re .
IE E 73 8  P h y s ic s  o f S o lid  S ta te  D e v ic e s  C re d it 
tw o  o r th re e  hou rs. Two le c tu re s . P re requ is ite : IEE737 
o r c o n s e n t o f instructo r.
A n a lys is  o f so lid  s ta te  d e v ic e s  o f c u rre n t in te re s t (a v ­
a lanche , LSA, G unn  d e v ic e s , e tc .)  to  g iv e  an  u n d e r­
s ta n d in g  o f so m e  of th e  lim ita tio n s  in vo lve d  in th e  d e ­
s ig n  o f su ch  d e v ice s . P a rticu la r sca tte r in g  
m e c h a n is m s  an d  b a n d  s tru c tu re  c o m p lic a t io n s  as 
fa c to rs  in o b ta in in g  re a lis tic  d is tr ib u tio n  fu n c tio n s . 
E m pha s is  w ill b e  on  a n a ly tic a l so lu tio n s  b e c a u s e  of 
th e  p h y s ic a l in s ig h t th e y  a ffo rd , b u t n u m e rica l 
m e th o d s  w ill be  c o n s id e re d  a lso . T he  n u m b e r o f d e ­
v ic e s  c o n s id e re d  w ill b e  lim ited , b u t s u b je c ts  of 
s p e c if ic  in te re s t to  in d iv id u a ls  c a n  b e  c o n s id e re d  on 
a  se m in a r bas is .
P o w er S y s te m s  a n d  M a ch in ery  
IEE551 C o n te m p o ra ry  E le c tric a l M a c h in e ry  I
Fall. C re d it th re e  hou rs . Two le c tu re -re c ita tio n s , one  
la b o ra to ry -c o m p u tin g  sess ion . P re re q u is ite : IEE312.
R. E. O sborn .
E n g in e e rin g  p r in c ip le s . Rea l- an d  re a c tiv e -p o w e r re ­
q u ire m e n ts  o f c o re  m a te ria ls  w ith  s ym m e tr ica l a n d  
b ia s e d  m a g n e tiz in g  fo rce s ; a n a lys is  a n d  c h a ra c te r is ­
t ic  p re d ic tio n  o f h ig h -e ff ic ie n c y  tra n s fo rm e rs ; m a g n e t­
ic  a m p lifie rs , e n e rg y  tra n s fe rs  a m o n g  e le c tr ic  c irc u its , 
m a g n e tic  fie ld s  a n d  m e c h a n ic a l sys tem s ; c o n tro l o f 
m a g n e tic  fie ld  d is tr ib u tio n  b y  re lu c ta n c e  a n d  w in d in g  
d is tr ib u tio n ; tra ve lin g  fie ld s  from  p o ly p h a s e  e xc ita tio n ; 
e le m e n ta ry  id e a liz e d  c o m m u ta to r-typ e , a syn ch ro n o u s  
a n d  s y n c h ro n o u s  m a ch in e s .
IE E 5 5 2  C o n te m p o ra ry  E le c tric a l M a c h in e ry  II
S p ring . C re d it th re e  hou rs. Two le c tu re -re c ita tio n s . 
o n e  la b o ra to ry -c o m p u tin g  sess ion . P re requ is ite : 
IEE312. R. E. O sb o rn .
E n g in e e rin g  p r in c ip le s . P ro d u c tio n  of a ir-g a p  m a g n e t­
ic  fie lds ; e le m e n ta ry  a n d  id e a liz e d  ro ta tin g  m ach in es ; 
s te a d y  s ta te  an d  tra n s ie n t c h a ra c te r is t ic s  o f re a lis tic  
ro ta tin g  m ach in es ; a -c  co m m u ta to r-ty p e  s in g le -p h a s e  
m oto rs ; p o ly -p h a s e  s y n c h ro n o u s  an d  s in g le -p h a s e  
in d u c tio n  m a ch in e s ; re c e n tly  d e v e lo p e d  types; 
S a tu ris to r m otor, s e lf-e x c ite d  a -c  g e n e ra to rs ; m is c e l­
la n e o u s  ro ta ry  d e v ic e s ; H ys te re s is  m otor, se lsyns , 
a m p lid yn e s , fre q u e n c y  co n ve rte rs .
IEE651 E lec tric  E n erg y  S y s te m s  I C re d it fou r 
hou rs . Th ree  le c tu re -re c ita tio n s , o n e  c o m p u tin g  ses­
s ion. P re requ is ites : IEE316 a n d  c o n se n t o f instructor. 
S. L inke
The  p h y s ic a l a n d  e n g in e e r in g  p r in c ip le s  u n d e rly in g  
s te a d y  s ta te  o p e ra tio n  a n d  co n tro l o f m o d e rn  e le c tr ic  
p o w e r sys tem s, w ith  e m p h a s is  on  th e  c h a ra c te r is t ic s  
o f m a jo r p o w e r-sys te m  pa ra m e te rs . T h e o ry  o f e le c ­
tro m e c h a n ic a l e n e rg y  co n ve rte rs , p o w e r tra n s fo r­
E lec trica l E n g in eerin g  97
m ers, co n ve n tio n a l tra n sm iss io n  lines  an d  ca b le s , 
p o w e r ne tw o rks, and  o th e r p o w e r-sys te m  c o m p o ­
nen ts; use  o f th e  d ig ita l c o m p u te r as  a  d yn a m ic  
“ la b o ra to ry " m o d e l of a  c o m p le x  p o w e r sys tem  fo r 
lo a d -flo w  s tud ie s . L a b o ra to ry -c o m p u tin g  p e r io d s  w ill 
in c lu d e  se le c te d  e x p e rim e n ts  w ith  sm a ll e le c ­
tro m e c h a n ic a l e n e rg y  co n ve rte rs . A t th e  leve l o f Ele­
m ents  o f  P o w er S ys tem  A n a lys is  (2 n d  e d .) 
b y  S tevenson.
IE E 65 2  E lec tric  E n erg y  S y s te m s  II C re d it four 
hou rs. T hree  le c tu re -re c ita tio n s , one  c o m p u tin g  se s ­
s ion. P re requ is ite : IEE651. S. Linke.
C o n tin u a tio n  of p r in c ip le s  p re s e n te d  in E lec tric  
E n e rg y  S ys tem s I. T ransient b e h a v io r o f p o w e r ne t­
w o rks . T he ory  o f u n b a la n c e d  sys tem s, sym m e trica l 
c o m p o n e n ts , p ro te c tiv e  re la y in g  sys tem s, pow er- 
sys tem  stab ility , h ig h -v o lta g e  d ire c t-c u rre n t sys tem s, 
an d  e c o n o m ic  d is p a tc h ; use  o f th e  d ig ita l c o m p u te r  
fo r fa u lt s tu d ie s  a n d  e c o n o m ic  a na lys is . A t th e  leve l of 
E lem ents  o f  P o w er S ys tem  A n a lys is  (2 n d  ed .) 
by  S tevenson.
C o m m u n ica tio n s , In fo rm atio n , and D ecis ion  
T h e o ry
IEE661 C o din g A lg o rith m s  Fall. C re d it th re e  or 
fou r hou rs  (fou r hou rs  w ith  la b o ra to ry ). T hree  le c tu res , 
one  labora to ry. P re requ is ite : fo r th e  labora to ry, FO R ­
TRAN, PL/I, o r a sse m b ly  la n g u a g e  p ro g ra m m in g . 
C o d in g  a lg o rith m s  fo r c o m p re s s io n  a n d  s to ra g e  of in ­
fo rm a tion , fo r c o rre c tio n  o f e rro rs  in d ig ita l d a ta  p ro c ­
e ss ing  a n d  tra n sm iss io n , and  fo r syn ch ro n iza tio n . 
D e s ign , ana lys is , and  im p le m e n ta tio n  of u n d e rly in g  
co d e s . L inea r b lo c k  co d e s , co n vo lu tio n a l co d e s , 
m ax im um  like lih o o d  and  seq u e n tia l d e c o d in g , linear 
se q u e n tia l m ach in es , c y c lic  c o d e s , B o se -C h a u d h u ri 
co d e s , b u rs t e rro r p ro te c tio n , th re sh o ld  d e c o d in g  v a r­
ia b le  le n g th  s o u rce  c o d in g . L a b o ra to ry  co n s is ts  o f 
d e m o n s tra tio n s  an d  p ro je c ts  in vo lv in g  d e s ig n  and  
c o m p u te r s im u la tion , m o d ifica tio n , an d  eva lua tion  of 
co d in g  a lg o rith m s  c o v e re d  in lectu re . A t the  level of 
E rro r C o rre c tin g  C o d e s  b y  P e te rson  an d  W eldon.
IE E 66 2  F u n d am en ta l In fo rm atio n  T h e o ry
S p ring . C re d it th re e  o r fo u r h o u rs  (fou r h o u rs  w ith  
la bo ra to ry ). Th ree  le c tu re s , one  labora to ry . P re re q u i­
s ite : IEE410 o r e q u iva le n t kn o w le d g e  o f p robab ility . 
P re requ is ite  fo r la b o ra to ry  on ly : IEE661 w ith  
labora to ry. T. Fine.
Fun dam en ta l resu lts  o f in fo rm a tion  th e o ry  a n d  the ir 
a p p lic a tio n  to  in fo rm a tion  s to rage , c o m p re ss io n , 
p ro ce ss in g , an d  tra n sm iss io n . The b a s is  o f m o d e rn  
d e s ig n  of d ig ita l co m m u n ic a tio n  sys tem s. S o u rce  
c o d in g , p ro p e rtie s  of e n tro p y  an d  o th e r in fo rm ation  
m easu res . S igna l se le c tio n  an d  d e te c tio n  a s p e c ts  of 
no isy  tra n sm iss io n  ch a n n e ls . C h anne l c a p a c ity  and  
S h an n o n ’s c o d in g  th eo rem s. A n a lys is  of seq u e n tia l 
d e c o d in g . F id e lity  c r ite ria  an d  ra te -d is to rtio n  fu n c tio n . 
C o m m u n ica tio n  ove r g a u ss ia n  ch a n n e ls . L a b o ra to ry  
p ro je c ts  in ve s tig a te  th ro u g h  c o m p u te r s im u la tion  the  
s ta tis tica l p ro b le m s  in vo lve d  w ith  in fo rm a tion  so u rce  
and  c h a n n e l ch a ra c te r iz a tio n  an d  a p p ro x im a tio n  
(q u a n tiza tio n ), a n d  e v a lu a te  the  a d v a n ta g e s  a n d  lim i­
ta tions  o f th e  va rio u s  c o d in g  a lg o rith m s  in tro d u c e d  in 
IE E 661 . A t th e  level of In fo rm a tio n  Theory  b y  Ash.
IE E 66 3  S ta tis tica l A s p e c ts  o f C o m ­
m u n ic a tio n  S p ring . C re d it fo u r hou rs. T hree  le c ­
tu res , o n e  re c ita tio n . P re requ is ite : IEE410 o r e q u iv a ­
lent. H. S. M cG a u g h a n .
A n a lys is  of a n a lo g  an d  d ig ita l co m m u n ic a tio n  sys ­
te m s  in th e  p re s e n c e  of ra n d o m  s ig n a ls  a n d  noise. 
Sys tem  o p tim iza tio n , m a tc h e d  filte rs, linea r sm o o th ­
ing , an d  p re d ic tio n  of s ta tio n a ry  p ro c e s s e s . M o d u la ­
t ion  sys tem s, p e rfo rm a n c e  o f a n a lo g  sys te m s in tim e  
an d  fre q u e n c y  m u ltip le x  w ith  a d d it iv e  no ise ; d ig ita l 
m o d u la tio n  sys tem s, PC M  sys tem s w ith  a d d it iv e  
noise. D e s ig n  of s ig n a ls  fo r d ig ita l tra n sm iss io n . R e­
ce iv e r o p tim iza tio n , d e s ig n  o f d e c is io n  o r ie n te d  re ­
ce ive rs , e rro r b o u n d s ; s e le c te d  to p ic s  in h yp o th e s is  
te s tin g  an d  pa ra m e te r e s tim a tio n  a p p lie d  to  re ce ive r 
d e s ig n .
IE E 66 4  D e c is io n  M ak in g  in P a ttern  C la s ­
s ifica tio n  Sp ring . C re d it th re e  o r fou r ho u rs  (th re e  
h o u rs  w ith  te n  a n d  o n e -h a lf w e e ks  o f le c tu re s ; fou r 
h o u rs  w ith  e ith e r ten  a n d  on e -h a lf w e e ks  o f le c tu re s  
a n d  la b o ra to ry  o r fou rteen  w e e ks  o f le c tu res ). P re­
re q u is ite : IEE410 o r IEE761 o r e q u iva le n t c o u rse  in 
p robab ility . T. Fine.
C o n c e p ts  a n d  key  resu lts  o f d e c is io n  th e o ry  w ill be  
d e v e lo p e d  an d  a p p lie d  to  p ro b le m s  o f p a tte rn  c la s ­
s ifica tio n  (h yp o th e s is  te s tin g ). T yp ica l p a tte rn  c la s s if i­
c a tio n  p ro b le m s  in c lu d e  c la s s if ic a tio n  o f h an d -w ritten , 
typ e d , o r p rin te d  a lp h a n u m e ric  ch a ra c te rs ; th e  tra n s ­
c r ip tio n  of s p e e ch ; id e n tifica tio n  o f re g io n s  in p h o to ­
g ra p h s ; a n d  m e d ica l d ia g n o s is . F o rm u la tio ns  o f the  
d e s ig n  o f p a tte rn  c la ss if ica tio n  sys tem s w ill be  
e xa m in e d  u n d e r a va rie ty  o f a s su m p tio n s  c o n c e rn in g  
p r io r in fo rm a tion  a b o u t the  p a tte rn  s o u rc e  an d  th e  o b ­
je c tiv e s  in c o n s tru c tin g  su ch  a system . T he  d e s ig n  
p h ilo so p h ie s  to  b e  d is c u s s e d  in c lu d e  th o se  of 
m in im u m  e x p e c te d  loss, N e ym an -P ea rson , an d  
m in im a x  risk  an d  regre t. L a b o ra to ry  p ro je c ts  w ill re ­
q u ire  th e  c o m p u te r-b a s e d  d e s ig n  a n d  s im u la tio n  o f a 
p a tte rn  c la ss if ie r fo r a rea l o r s im u la te d  p a tte rn  
source.
IE E 7 6 1 -7 6 2  R an d o m  P ro c e s s e s  in E lec trica l 
S y s te m s  Fall a n d  sp rin g . C re d it fou r h o u rs  a term . 
T hree  le c tu re s . V. C han.
The c o n c e p ts  o f ra n d o m n e ss  an d  u n c e rta in ty  and  
th e ir  re le va n ce  to  the  d e s ig n  a n d  a n a lys is  o f e le c tr ica l 
sys tem s. A n  a x io m a tic  ch a ra c te r iz a tio n  of ra n d o m  
even ts . P ro b a b ility  m easu res , ra n d o m  va ria b le s , and  
ra n d o m  vec to rs . D is tr ib u tio n  fu n c tio n s  an d  d e n s itie s . 
F un c tions  of ra n d o m  v e c to rs . E xp e c ta tio n  an d  m e a s ­
ures  o f f lu c tu a tio n . M om e n t an d  p ro b a b ility  in ­
e q u a litie s . P ro p e rtie s  a n d  a p p lic a tio n s  o f c h a ra c te r is ­
tic  fu n c tio n s . M odes  o f c o n v e rg e n c e  o f se q u e n c e s  of 
ra n d o m  va ria b le s : la w s of la rg e  n u m b e rs  a n d  cen tra l 
lim it th e o re m s. K o lm o g o ro v  c o n s is te n c y  co n d it io n s  
fo r ra n d o m  p ro c e s s e s . P o isson  p ro c e s s  and  
g e n e ra liza tio n s . G a u ss ia n  p ro ce sse s . C o va ria n ce  
s ta tio n a ry  p ro ce sse s , c o rre la tio n  fu n c tio n s , sp e c tra ; 
B o ch n e r an d  W ie n e r-K h in ch in  th eo rem s. C ontinu ity, 
in te g ra tio n , and  d iffe re n tia tio n  of sa m p le  fu n c tio n s . 
H ilb e rt s p a c e  a p p ro a c h  of o p tim u m  filte r in g  a n d  p re ­
d ic tio n . S p e c tra l re p re se n ta tio n , o rth o g o n a l se ries  
re p resen ta tions . M arko v  c h a in s  a n d  p ro ce sse s .
L in e a r a n d  n o n lin e a r tra n s fo rm a tio n s  o f random  
p ro ce sse s .
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[IE E 7 6 3  A d v a n c e d  Top ics in in fo rm atio n  
T h e o ry  Fall. C re d it fou r hou rs. T hree  le c tu re s . Pre­
re qu is ites : IEE662 an d  e ith e r IEE761 o r M a th e m a tics  
571 , o r c o n se n t o f instructo r. N o t o ffe re d  1 9 7 5 -7 6 .
A n  in -d e p th  tre a tm e n t o f an  in fo rm a tion  th e o ry  re ­
s e a rc h  area . The to p ic  va rie s  from  ye a r to  y e a r an d  
w ill b e  c h o se n  from  th e  fo llo w in g  su b je c ts : s o u rc e  
e n c o d in g  (ra te  d is to rtio n  theo ry ), co n vo lu tio n a l co d e s  
a n d  se q u e n tia l d e c o d in g , m u ltite rm in a l c o m m u n ic a ­
tion  ne tw o rks , e rg o d ic  th e o ry  an d  in fo rm a tion , a n d  
c o m p le x ity  a n d  in s tru m e n ta b ility  o f c o d in g  sch e m e s .]
IE E 7 6 4  F o u n d a tio n s  o f In fe re n c e  a n d  D e c is io n  
M aking  S p ring . C re d it th re e  hours. T hree  le c tu res . 
P re requ is ite : a c o u rse  in p ro b a b ility  a n d  som e  s ta tis ­
tic s , o r co n s e n t of ins truc to r. T. Fine.
A n  e xa m in a tio n  o f m e th o d s  fo r c h a ra c te r iz in g  u n c e r­
ta in ty  an d  c h a n c e  p h e n o m e n a  a n d  fo r.tra n s fo rm in g  
in fo rm a tio n  in to  d e c is io n s  an d  o p tim a l sys tem s. D is ­
c u s s io n  o f th e  fo u n d a tio n s  o f in fe re n ce  ce n te rs  on  
va rio u s  a p p ro a c h e s  to  th e  in te rp re ta tio n  a n d  fo rm a li­
za tio n  o f p ro b a b ility , in c lu d in g  th e  fo llo w in g : a x io m a tic  
s ys te m s o f c o m p a ra tiv e  p robab ility ;- K o lm o g o ro v  sys ­
te m  o f q u a n tita tive  p ro b a b ility ; re la tive  f re q u e n c y  in ­
te rp re ta tio n s ; c o m p u ta tio n a l com p le x ity , ra n d o m n e ss , 
a n d  p ro b a b ility ; c la s s ic a l p ro b a b ility  a n d  in va ria n ce ; 
lo g ic a l p ro b a b ility  a n d  in d u c tio n ; s u b je c t iv e  p ro b a b il­
ity  an d  persona l d e c is io n  m ak ing . The d is c u s s io n  of 
th e  fo u n d a tio n s  o f d e c is io n  m a k in g  w ill c e n te r  on u til­
ity  theory, a x io m a tic  ra tiona lity , s ta tis tica l d e c is io n  
theory, th e  na tu re  o f a g o o d  sys tem , a n d  re ce n t w o rk  
on  sys tem  d e s ig n  w h e n  th e re  is  little  p r io r  in fo rm ation .
C o m p u tin g  S y s te m s and  C o ntro l
IE E 6 7 1 -6 7 2  F ee d b ack  C o n tro l S y s te m s Fall a n d  
s p rin g . C re d it th re e  hou rs  (fou r hou rs  w ith  la b o ra to ry ). 
P re requ is ite : IEE312 o r co n s e n t of instructor.
S ys tem  p e rfo rm a n c e  s p e c ific a tio n s  a n d  in d ice s . 
A n a lys is  a n d  syn th e s is  of lin e a r fe e d b a c k  co n tro l sys ­
te m s  b y  roo t lo cu s  a n d  fre q u e n c y  re sp o n se  m e th o d s  
to  m ee t sys tem  sp e c ifica tio n s . M a th e m a tica l m o d e ls  
o f p h ys ica l sys tem s. C la ss ica l c a s c a d e  a n d  fe e d b a c k  
c o m p e n s a tio n  te ch n iq u e s . S ta te  s p a c e  a p p ro a c h  to 
co n tro l sys tem s; co n tro llab ility , o b se rva b ility , in fin ite - 
in te rva l o p tim a l-c o n tro l p ro b le m , p a ra m e te r o p tim iz a ­
tion , s ta te  va ria b le  fe e d b a c k . N o n lin e a r fe e d b a c k s y s -  
tem s; s ta b ility  b y  N yq u is t, Lya p u n o v , a n d  P o pov  c o n ­
d itio n s . C irc le  co n d it io n s . L im it c y c le  b e h a v io r b y  d e ­
s c r ib in g  fu n c tio n  te c h n iq u e s . P hase p la n e  a na lys is . 
S a m p le d -d a ta  sys te m s an d  d ig ita l co m p e n sa tio n . 
L a b o ra to ry  w o rk  c o n s is ts  o f fa m ilia riza tio n  w ith  sys ­
tem  fre q u e n c y  re sp o n se  m e asu rem en ts , tra n s fe r 
fu n c tio n  m e asu rem en ts , a n d  tra n s ie n t re sp o n se  
m e a su rem en ts ; a lso , d e s ig n  a n d  c o m p e n s a tio n  of 
lin e a r p o s itio n a l a n d  s p e e d  c o n tro l s ys te m s and  
a n a lys is  o f n o n lin ea r sys te m s a n d  s a m p le d -d a ta  sys­
tem s. In s a m p le d -d a ta  e xp e rim e n ta io n , a PDP-11 
m in ic o m p u te r  p ro v id e s  th e  c o n tro lle r e lem e n t. In all 
e xp e rim e n ta tio n  th e  e m p h a s is  is on  co rre la tio n  of 
th e o re tica l a n d  e xp e rim e n ta l resu lts .
IE E 67 4  H y b rid  C o m p u ta tio n  S p rin g . C re d it fou r 
hou rs. Tw o le c tu re s , o n e  labora to ry. P re requ is ites : 
IEE312 an d  IEE675 o r an e q u iva le n t b a c k g ro u n d  w ith  
c o n s e n t of instructo r. N. M. Vrana.
Theory, d e s ig n , ch a ra c te r is t ic s , an d  p ro g ra m m in g  o f
h y b r id  c o m p u te r  sys tem s ; a n a lo g  co m p u ta tio n ; s p e ­
c ia l p u rp o s e  lo g ic  p ro g ra m s ; the  d ig ita l c o m p u te r  in a 
h y b r id  e n v iro n m e n t; th e o ry  a n d  la b o ra to ry  w o rk  on 
ite ra tive  p ro c e d u re s , s te e p e s t d e s c e n t p ro g ra m s , 
an d  p a ra m e te r o p tim iz a tio n  a n d  id e n tif ica tio n . The  
la b o ra to ry  w o rk  w ill b e  w ith  th e  P D P -11 /T R -48  h y b r id  
c o m p u te r  sys tem .
IE E 6 7 5  S w itc h in g  C irc u its  and  Log ic  
D e s ig n  Fall. C re d it th re e  hou rs, o r fo u r  ho u rs  w ith  
la bora to ry . T hree  le c tu re s , o n e  la bora to ry . P re re q u i­
s ite : IE E 2 1 0 o r e q u iva le n t. N. M. Vrana.
B o o lea n  a lg e b ra , s w itc h in g  d e v ic e s , co m b in a tio n a l 
c ircu its , fu n c tio n  m in im iza tio n  an d  d e c o m p o s it io n , 
s y n c h ro n o u s  a n d  a s y n ch ro n o u s  se q u e n tia l c irc u its , 
s e c o n d a ry  a ss ig n m e n ts , c irc u it  e q u iva le n ce , fa u lt d e ­
te c tio n  an d  d ia g n o s is . A p p lic a tio n  o f p r in c ip le s  to  d e ­
s ig n  o f co u n te rs , sh ift re g is te rs , a d d e rs , an d  d ig ita l 
se q u e n tia l c irc u its  o f a ll k in d s . T op ics  fo r th e  la b o ra ­
to ry  sess ion : d e s ig n  a n d  c o n s tru c tio n  w ith  TTL in te­
g ra te d  c irc u it  c h ip s  o f co m b in a tio n a l a n d  se q u e n tia l 
c ircu its . A t th e  leve l o f S w itc h in g  C ircu its : T he ory  a n d  
L o g ic  D e s ig n  b y  Torng.
IE E 67 6  C o m p u te r S tru c tu re s  S p ring  C re d it th re e  
hou rs, o r fou r h o u rs  w ith  la b o ra to ry  T hree  le c tu res , 
one  labora to ry . P re re q u is ite : IEE675 o r C o m p u te r S c i­
e n c e  IC S 314, o r c o n se n t o f instructo r. L a b o ra to ry  
w o rk  in IEE675 is p re re q u is ite  fo r la b o ra to ry  w o rk  in 
IEE676. N. M. V rana.
A rc h ite c tu re  a n d  d e s ig n  o f d ig ita l c o m p u tin g  sys ­
tem s, h a rd -w ire d  a n d  m ic ro p ro g ra m m e d  c o n tro l 
s e q u e n c e r d e s ig n , d e s ig n  o f in p u t-o u tp u t a n d  in te r­
ru p t sys tem s, m e m o ry  o rg a n iza tio n , co m b in a tio n a l 
lo g ic  a n d  se q u e n tia l c irc u its  u se d  in co m p u te rs . In 
th e  o p tio n a l la b o ra to ry  sess ion , e a c h  la b o ra to ry  
g ro u p  w ill d e s ig n  an d  b u ild  an 8 -b it g e n e ra l-p u rp o s e  
c o m p u te r  u s in g  T TL  in te g ra te d  c irc u it  c h ip s . A t the  
le ve l o f D ig ita l S ys tem s: H a rd w a re  O rg a n iza tio n  a n d  
D e s ig n  b y  H ill a n d  Pe te rson .
IE E 6 7 7  C o m p u te r  A rc h ite c tu re  an d  D e s ig n  I
Fall. C re d it fo u r hou rs. P re requ is ite : IEE676 o r c o n ­
sen t o f ins truc to r. H. C . Torng.
The c o m p u te r  a rc h ite c tu re  an d  d e s ig n  se q u e n c e  
e m p h a s iz e s  th e  d e s ig n  p r in c ip le s  a n d  m e th o d o lo g y  
o f c o m p u te rs  a n d  c o m p u te r  ne tw o rks . T op ics  in c lu d e : 
d a ta  re p re se n ta tio n , a d d re s s in g , o p e ra tio n s , im p lic a ­
t io n s  a n d  im p a c ts  o f te c h n o lo g ie s , m e m o ry  h ie ra rchy, 
c o n c e p t o f v ir tu a l m em o ries , e va lu a tio n  a n d  m o d e lin g  
of m em o ries , co n tro l s e q u e n c in g , m ic ro p ro g ra m m in g , 
m ic ro p ro c e s s o rs , p ro c e s s o r o rg a n iza tio n s , tra d e -o ffs  
in te rm s  of p e rfo rm a n c e  an d  cos t.
IE E 6 7 8  C o m p u te r A rc h ite c tu re  and  D e s ig n  II
S p ring . C re d it fo u r hou rs. P re requ is ite : IEE677.
H. C. Torng.
A  co n tin u a tio n  o f IEE677. T o p ics  in c lu d e : I/O p ro c e s s ­
in g , e va lu a tio n  a n d  m o d e lin g  o f p ro ce sso rs , in te rc o n ­
n e c tio n  s tu d ie s  in c o m p u te r  sys tem  d e s ig n , p a ra lle l 
p ro c e s s in g , m u lt ip ro g ra m m in g  an d  m u lt ip ro ce ss in g  
sys tem s, nove l c o m p u te r o rg a n iza tio n s , te le p ro c ­
e s s in g  a n d  c o m p u te r  ne tw o rks , p e rfo rm a n c e  e va lu a ­
t ion  o f c o m p u te r sys tem s , re lia b ility  s tud ie s .
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IEE771 E s tim atio n  and  C o n tro l in D iscre te  L in ear  
S y ste m s Fall. C re d it fo u r hou rs. T hree  le c tu re s . P re­
requ is ite : IEE410 o r c o n se n t o f instructo r.
J. S. Tho rp .
O p tim a l co n tro l, f ilte ring  an d  p re d ic tio n  fo r d is c re te  
tim e  linea r sys tem s w ith  e x te n s ive  use  o f th e  A P L /3 60  
system . A p p ro x im a tio n  on  d is c re te  p o in t se ts , cu rve  
fitting  w ith  va rio u s  e rro r m easu res . M o d e lin g  o f d is ­
c re te  t im e  sys tem s w ith  a p p lic a tio n s  to  tra c k in g  and  
es tim a tion  p ro b le m s . O p tim a l c o n tro l o f d is c re te  tim e  
linea r sys tem s, th e  p r in c ip le  o f op tim a lity . O p tim a l fil­
te rin g  a n d  p re d ic tio n  fo r d is c re te  t im e  linea r sys tem s, 
K a lm an filte rin g . S to ch a s tic  o p tim a l co n tro l, th e  s e p ­
a ra tion  p rin c ip le . N o kn o w le d g e  o f a  p ro g ra m m in g  
la n g u a g e  is assu m e d . The A P L  la n g u a g e  w ill be  
le a rn e d  d u rin g  th e  te rm  th ro u g h  use o f a lib ra ry  of 
p ro g ra m s  w ritten  fo r the  course . A t th e  level o f 
S to ch a s tic  O p tim a l L in e a r E s tim a tion  a n d  C o n tro l 
by  M ed itch .
IE E 77 2  O p tim a l C o n tro l a n d  E s tim atio n  fo r  C o n ­
t in u o u s  S y s te m s S p ring . C re d it fo u r hou rs. T hree 
le c tu re s . P re requ is ite : IEE771 o r c o n se n t o f instructor. 
J. S. Thorp .
M e th o d s  o f d e s ig n  p ro b le m  fo rm u la tio n , c o m p u ta ­
tiona l te ch n iq u e s , and  m a th e m a tica l b a c k g ro u n d  are  
d e v e lo p e d  fo r th e  im p le m e n ta tio n  o f co n tin u o u s  o p t i­
m al co n tro l a n d  e s tim a tion . D e te rm in is tic  an d  
s to ch a s tic  c o n tro ls  as  w e ll as  u n b ia s e d  e s tim a to rs  
a re  fo rm u la te d  on  b o th  fin ite  an d  in fin ite  t im e  in te r­
vals. E x tens ive  e xa m p le s  a re  g ive n  su ch  as re -e n try  
ve h ic le  f lig h t-co n tro l, ro c k e t-b o o s te r  g u id a n ce , a ir­
c ra ft t ra ck in g , and  hum an  o p e ra to r  s im u la tion . 
M e th ods o f su c c e s s iv e  a p p ro x im a tio n  an d  su b s titu ­
tion  are  p re se n te d  fo r m in im iza tio n  w ith  re s p e c t to  
p a ra m e te rs  and  fu n c tio n s , w ith  a n d  w ith o u t e q u a lity  
a n d  in e q u a lity  co n s tra in ts . P ro p e rtie s  o f Lya p u n o v  
a n d  R icca ti e q u a tio n s  a re  d is c u s s e d . M ate ria l is illu s ­
tra te d  by  th e  s tu d e n t use  of an  A P L  lib ra ry  of c o m p u ­
te r p ro g ra m s  fo r the  a u to m a te d  d e s ig n  o f c o n tin u o u s  
c o n tro ls  an d  es tim a to rs .
I IE E 7 7 3  R a n d o m  P ro c e s s e s  in C o n tro l S y s ­
tem s  S p ring . C re d it fou r hou rs. T hree  le c tu re s . Pre­
requ is ites : IEE762 an d  IEE772. N o t o ffe re d  1 9 7 5 -7 6 . 
P re d ic tio n  a n d  filte r in g  in c o n tro l system s; 
G a u ss ia n -M a rko v  seq u e n ce , G a u ss ia n -M a rko v  p ro c ­
ess, p re d ic tio n  p ro b le m , g e n e ra liz e d  W ien e r filte ring , 
s to c h a s tic  o p tim a l a n d  a d a p tiv e  con tro l p ro b le m s. 
S e le c te d  to p ic s : B a yes d e c is io n  rule, m in -m ax  policy, 
m ax im um  like lih o o d  estim ate , c o n tro l o f sys tem s  w ith  
u n ce rta in  s ta tis tica l p a ram e te rs ; s to c h a s tic  d iffe ren tia l 
e q u a tio n s , o p tim a l n o n lin ea r filte rin g ; s ta b ility  o f c o n ­
tro l sys tem s w ith  ra n d o m  p a ra m e te rs .]
R a d io  and P lasm a P h ys ic s  and  E lec tro m ag n etic  
T h e o ry
IE E 41 0  T h e rm a l and  S ta tis tica l P h ys ic s  fo r  
E n g in eers  S p ring . C re d it th re e  hours. P re requ is ite : 
IEE411 o r equ iva le n t. R. Liboff.
T h e rm o d yn a m ic  p r in c ip le s . E lem en ta ry  th e o ry  of 
t ra n sp o rt co e ffic ie n ts . E le c trica l noise. Q uan tum  and  
c la s s ic a l s ta tis tics . B la ck  b o d y  ra d ia tio n . The rm a l 
p ro p e rtie s  of so lids . E lem en ta ry  d e s c r ip tio n s  of 
supe rflu id ity , su p e rco n d u c tiv ity , a n d  th e  laser.
IEE581 W ave P h en o m en a  in th e  A tm o s ­
ph e re  Fall. C re d it th re e  hou rs. Th ree  le c tu re - 
re c ita tio n s . P requ is ites : IEE312 an d  IEE314.
R. B o lg iano .
A n  e le m e n ta ry  tre a tm e n t o f w a ve  p h e n o m e n a  in the  
a tm o sp h e re  o f th e  ea rth , in c lu d in g  g ra v ity  w aves, 
p la n e ta ry  w a ve s , a c o u s tic  w aves, ra d io w a ve s , and  
p la sm a  w aves; a tten tion  is d ire c te d  to  th e  ro le  of 
th e se  p h e n o m e n a  in va rio u s  a tm o s p h e r ic  p ro c e s s e s  
an d  e n g in e e r in g  p ro b le m s  s u c h  as w eather, d iffu s ive  
tra n sp o rt, a ir-se a  in te ra c tio n , ra d io  co m m u n ica tio n , 
an d  rem o te  sens ing .
[ IE E 5 8 2  R ad io  E n g in eerin g  S p rin g . C re d it th re e  
hou rs. T h re e  le c tu re -re c ita tio n s . P re re q u is ite s : IEE314 
a n d  IEE410. N o t o ffe re d  1 9 7 5 -7 6 .
E le c trica l sys te m s fo r co m m u n ica tio n s , co n tro l, d e ­
te c tio n , an d  o th e r p u rp o s e s  in w h ich  ra d io w a v e s  p la y  
a  c e n tra l role: sys tem  fu n c tio n s , in c lu d in g  g e n e ra tio n , 
m o d u la tio n , tra n sm iss io n , re ce p tio n , a n d  d e m o d u la ­
tion ; g u id a n c e , ra d ia tio n , an d  p ro p a g a tio n  o f ra d io ­
w a ves , in c lu d in g  tra n sm iss io n  lines  an d  w a ve g u id e s , 
a n te n n a  sys tem s, an d  th e  e ffe c ts  of a tm o s p h e r ic  in­
h o m o g e n e ity ; sys tem  d e s ig n  p ro b le m s .]
IE E 6 8 0  E le m e n ta ry  P lasm a P h ys ic s  a n d  G as  
D is c h a rg e s  S p ring . C re d it th re e  hou rs. Two le c ­
tures, on e  labora to ry . P re requ is ite : IEE314 o r e q u iv a ­
lent. C. B. W harton .
C o o rd in a te d  le c tu re s  an d  te n  e xp e rim e n ts . R eview  o f 
e le c tro m a g n e tic  w a ve  th e o ry  an d  a p p lic a tio n s . G as 
d is c h a rg e s  an d  a rcs : p o s itiv e  co lu m n , co llis io n s , m o ­
bility, d iffus io n , b re a kd o w n , shea ths , DC an d  RF e x c i­
ta tion , tra n s itio n  from  g lo w  to  a rc , L a n g m u ir a n d  c o n ­
d u c ta n c e  p ro b e s , re flex  d isch a rg e , e ffe c ts  of m a g n e t­
ic  fie ld . P lasm a  as  a  d ie le c tr ic  m e d iu m , in te ra c tio n  of 
e le c tro m a g n e tic  w a ve s  (e.g ., m ic ro w a ve s ) w ith  
p la sm a  in fre e  s p a c e  a n d  fin ite  re g io n s . P la sm a  o s c il­
la tions, s p a c e -c h a rg e  w aves, cyc lo tro n  h a rm o n ic  
ra d ia tio n , e ffe c ts  of p la s m a  te m p e ra tu re . A t th e  level 
o f P lasm a  D ia g n o s tic s  w ith  M ic ro w a ve s  by  H e a ld  
an d  W harton.
IEE681 In tro d u c tio n  to  P lasm a P h ys ic s  (S am e 
as  A p p lie d  a n d  E n g in e e rin g  P h ys ics  IP 606.) Fall. 
C re d it th re e  hours. T hree  le c tu res . P re requ is ites : 
IEE313 and  IEE314 o r e q u iva le n t. O p e n  to  fo u rth -ye a r 
s tu d e n ts  at d is c re tio n  o f instructor.
P lasm a sta te ; m o tio n  of c h a rg e d  p a rtic le s  in fie lds ; 
a d ia b a t ic  invarian ts , co llis io n s , c o u lo m b  sca tte r in g ; 
L a n g e v in  eq u a tio n ; tra n s p o rt co e ffic ie n ts , a m b ip o la r  
d iffus io n , p la s m a  o s c illa tio n s  a n d  w a ves; hyd ro - 
m a g n e tic  equ a tio n s ; p la s m a  co n fin e m e n t, e n e rg y  
p r in c ip le s , an d  e le m e n ta ry  a p p lic a tio n s . A t th e  level 
o f E le m e n ta ry  P lasm a  P h ys ics  b y  Lon gm ire .
IE E 68 2  A d v a n c e d  P lasm a P h ys ic s  (S am e as 
A p p lie d  an d  E n g in e e rin g  P h ys ics  IP 607.) S p ring . 
C re d it th re e  hours. T h re e  le c tu re s . P re requ is ite : 
IE E 68 1 .
B o ltzm an n  a n d  V lasov e q u a tio n s ; m om e n ts  o f k in e tic  
eq u a tio n ; C h e w -G o ld b e rg e r-L o w  theo ry ; w a ve s  in hot 
p lasm a s ; L a n d a u  d a m p in g . S o lu tion  of th e  V lasov 
e q u a tio n  b y  ch a ra c te r is t ic s ; ion  a c o u s tic  in s tab ility ; 
s tre a m in g  in s ta b ilitie s ; B e rns te in  m o d e s ; in s ta b ilitie s  
d u e  to  a n is o tro p ie s  in v e lo c ity  sp a ce ; g ra d ie n ts  in
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m a g n e tic  fie ld , tem p e ra tu re , a n d  density. A b so lu te  
a n d  c o n v e c tiv e  in s ta b ilitie s ; e ffe c ts  o f c o llis io n s  a n d  
F okke r-P lanck  te rm s; m e th o d  of d re s s e d  te s t p a rt i­
c les ; h ig h -fre q u e n c y  c o n d u c tiv ity  an d  f luc tua tions ; 
n e o c la ss ica l to ro id a l d iffus io n ; re la tiv is tic  bea m s.
IE E 68 3  E le c tro d y n a m ic s  Fall. C re d it fou r hou rs. 
Th ree  le c tu res , on e  re c ita tio n . P re requ is ites : IEE312 
an d  IEE314, o r e q u iva len t.
F o u nda tions  of e le c tro m a g n e tic  theory. M axw e ll's  
e q u a tio n s , e le c tro m a g n e tic  p o ten tia ls , an d  in teg ra l 
re p re se n ta tio n s  o f th e  e le c tro m a g n e tic  fie ld . S p ec ia l 
th e o ry  o f relativity. R a d ia tio n  o f a c c e le ra te d  ch a rg e s  
a n d  C e re n ko v  ra d ia tio n . E le c tro d y n a m ic s  o f d is p e r­
s ive  a n d  a n is o tro p ic  m e d ia . N o rm a l m o d e s  of 
w a v e g u id e s  a n d  cav ities . S u rfa ce  w a ve s  a n d  leaky 
w aves. A t the  level o f T he ory  o f  E le c tro m a g n e tism  by  
Jone s.
IE E 68 4 M ic ro w a v e  T h e o ry  S p ring . C re d it fou r 
hou rs. Th ree  le c tu res , on e  re c ita tio n . P re requ is ites : 
IEE312 an d  IEE314, o r e q u iva le n t.
T h e o ry  o f p a ss ive  m ic ro w a ve  d e v ic e s . W aves in 
h o m o g e n e o u s  a n d  in h o m o g e n e o u s  w a ve g u id e s ; 
p ro p a g a tio n  an d  d is to rt io n  o f pu lses ; a p p lic a tio n  of 
g y ro tro p ic  m e d ia  to  n o n re c ip ro c a l w a v e g u id e  d e ­
v ice s . S ca tte rin g  m a tr ix  a n a lys is  o f m u lt ip o rt ju n c ­
tions , resonan t ca v itie s , d ire c tio n a l c o u p le rs , 
iso la to rs , c ircu la to rs . P e rio d ic  w a ve g u id e s . E las tic  
w a ve s  in s o lid s  a n d  th e ir  m ic ro w a ve  a p p lic a tio n s . A t 
th e  leve l o f In tro d u c tio n  to the  T he ory  o f  M ic ro w a ve  
C ircu its  b y  K u rokaw a.
IE E 6 8 5 -6 8 6  U p p er A tm o s p h e re  P h ys ic s  I a n d  II
Fall a n d  sp rin g . C re d it th re e  hou rs  a  te rm . Th ree  le c ­
tu re s . P re requ is ite : IEE314. M. Kelley.
The p h ys ica l p ro c e s s e s  g o ve rn in g  th e  b e h a v io r  o f the  
e a rth 's  io n o sp h e re  a n d  m a g n e to sp h e re . T op ics  in ­
c lu d e  d ia g n o s t ic  m e a su re m e n t te ch n iq u e s ; p ro d u c ­
tion , loss, a n d  tra n s p o rt o f c h a rg e d  p a rtic le s  in  the  
io n o sp h e re  an d  m a g n e to sp h e re ; te m p e ra tu re  va r ia ­
tions ; a irg low ; tid a l m otions , w in d s , a n d  g ra v ity  w a ve s  
in th e  io n o sp h e re ; th e  e le c tr ic a l c o n d u c tiv ity  o f th e  
io nosphere , th e  d yn a m o -c u rre n t sys tem , an d  the  
eq u a to r ia l a n d  auro ra l e le c tro je ts ; p la s m a  in s ta b ilitie s  
in  th e  io n o sp h e re ; th e  so la r c o ro n a ; th e  g e n e ra tio n  
an d  p ro p e rtie s  o f th e  so la r w in d  a n d  in te rp la n e ta ry  
m a g n e tic  fie ld ; in te ra c tio n  o f th e  so la r w in d  w ith  the  
e a rth ’s m a g n e to s p h e re  an d  io n o sp h e re ; a c c e le ra tio n  
a n d  d rift  o f e n e rg e tic  p a rtic le s  in th e  m a g n e to sp h e re ; 
p re c ip ita tio n  o f p a rt ic le s  a n d  th e  auro ra ; m a g n e tic  
a n d  io n o sp h e ric  s to rm s. A t th e  leve l o f In tro d u c tio n  to 
Io n o s p h e ric  P h ys ics  b y  R ishbe th  an d  G arrio tt.
I IE E 6 8 7  R a d io w a v e  P ro p ag atio n  I Fall. C re d it 
th re e  hou rs. T h re e  le c tu re s . P re requ is ites : IEE314 
a n d  IEE410 o r e q u iva le n t. N ot o ffe re d  19 7 5 -7 6 . 
P ro p a g a tio n  in th e  e a rth ’s e n v iro n m e n t: tro p o sp h e re , 
io nosphere , m a g n e to sp h e re , a n d  in te rp la n e ta ry  
sp a ce . D iffrac tion  a n d  s u rfa ce  w a ve  p ro p a g a tio n ; 
t ro p o s p h e r ic  re fra c tio n  an d  d u c tin g ; p ro p a g a tio n  in 
th e  io n o sp h e ric  p lasm a , in c lu d in g  m a g n e to io n ic  
theory, c ro s s  m o d u la tio n  an d  F a ra d a y  ro ta tion , w h is ­
tle r  m o d e  p ro p a g a tio n , ion e ffe c ts  an d  ion w h is tle rs , 
g ro u p  v e lo c ity  an d  ra y  tra c in g ; ra d a r a s tro n o m y; W KB 
so lu tio n s  of th e  c o u p le d -w a v e  eq u a tio n s .)
[ IE E 6 8 8  R a d io w a v e  P ro p ag atio n  II S p rin g  C red it 
th re e  hou rs . T hree  le c tu re s . P re re q u is ite : IEE687 o r 
e q u iv a le n t. N o t o ffe re d  1 9 7 5 -7 6 .
F u ll-w ave  so lu tio n s  o f th e  c o u p le d -w a v e  eq u a tio n s , 
in te ra c tio n s  b e tw e e n  p a rtic le s  a n d  w a ve s  in th e  m a g ­
ne to sp h e re , th e  sca tte r in g  o f ra d io  w a v e s  from  ran ­
d o m  flu c tu a tio n s  in re fra c tiv e  in d e x , tro p o s p h e r ic  a n d  
D re g io n  io n o s p h e r ic  s c a tte r  p ro p a g a tio n , in co h e re n t 
s ca tte r from  th e  io n o s p h e re  a n d  its use  as  a d ia g n o s ­
t ic  too l, ra d io  s ta r a n d  sa te llite  sc in tilla tio n s  a n d  th e ir  
use  in s tu d y in g  th e  io n o sp h e re  a n d  s o la r  w in d .)
IEE781 K in e tic  T h e o ry  (S am e  as A p p lie d  a n d  
E n g in e e rin g  P h ys ics  IP 761 .) Fall, a lte rn a te  years. 
C re d it th re e  hou rs . Two le c tu re s . P re re q u is ite : P h ys ics  
561 , 562 , o r c o n s e n t o f ins truc to r. R. L. Liboff. 
D e s ig n e d  fo r s tu d e n ts  w h o  w a n t a firm  fo u n d a tio n  in 
f lu id  d yn a m ics , p la s m a -k in e tic  theory, a n d  n o n e q u ilib ­
rium  s ta tis tica l m e ch a n ics . B rie f re v ie w  o f c la s s ic  
d y n a m ic s . T he  c o n c e p t o f th e  e n s e m b le  a n d  the  
th e o ry  o f th e  L io u v ille  e q u a tio n . P r ig o g in e  an d  
B o g o liu b o v  a n a lys is  o f th e  B B K G Y  s e q u e n ce . M aste r 
eq u a tio n , d e n s ity  m atrix , W ig n e r d is tr ib u tio n . D e riva ­
t ion  of flu id  d y n a m ic s . T ranspo rt co e ffic ie n ts . 
B o ltzm an n , K rook, F okke r-P lanck , Lan d a u , and  
B a le s c u -L e n a rd  e q u a tio n s . P ro p e rtie s  an d  th e o ry  o f 
th e  lin e a r B o ltzm a n n  co llis io n  ope ra to r. C h a p m a n - 
E n skog  a n d  G ra d  m e th o d s  o f so lu tion  o f th e  
B o ltzm an n  e q u a tio n . K lim o n to v ich  fo rm u la tion .
C o a rse  g ra in in g  a n d  e rg o d ic  theory. A t th e  leve l o f 
In tro d u c tio n  to th e  T he ory  o f  K in e tic  E q u a tio n s  by  
Liboff.
IE E 7 8 2  N o n lin e a r P h e n o m e n a  in P lasm a  
P h ys ic s  Fall. C re d it th re e  hou rs. C o req u is ite :
IEE682. E. O tt.
N o n lin e a r p ro c e s s e s  in p la sm a s  a n d  th e ir  im p lic a ­
t io n s  fo r s u c h  d iv e rs e  fie ld s  as  c o n tro lle d  th e rm o n u ­
c le a r fu s io n  an d  s p a c e  p la sm a s . (1) C o h e re n t n o n ­
lin e a r p ro c e s s e s  (e ch o e s , t ra p p e d  p a rtic le s , so lita ry  
w a ve s , sh o cks , a n d  p a ra m e tr ic  in s ta b ilitie s ); (2) 
s ta tis tica l th e o rie s  o f p la s m a  tu rb u le n c e  (q u a s ilin e a r 
theory, w a ve  k in e tic  e q u a tio n s , th e  ra n d o m  pha se  
a p p ro x im a tio n , re sonan t m o d e -m o d e  c o u p lin g , no n ­
linea r L a n d a u  d a m p in g , D u p re e ’s th e o ry  o f s tron g  
p la sm a  tu rb u le n ce , a n o m a lo u s  re s is tiv ity  an d  d iffu ­
s io n , an d  tu rb u le n t h e a ting ). A t th e  leve l o f cu rre n t 
a r tic le s  in P h ys ics  o f  F lu id s  an d  Jo u rn a l o f  E xp e ri­
m e n ta l a n d  T h e o re tica l P h ys ics  (S o v ie t P h ys ics).
G enera l
IE E 5 9 1 -5 9 2  P ro jec t Fall an d  sp rin g . C re d it 
th re e  hours.
In d iv id u a l study, a n a lys is , and , usua lly, e xp e rim e n ta l 
te s ts  in c o n n e c tio n  w ith  a s p e c ia l e n g in e e r in g  p ro b ­
lem  c h o s e n  b y  th e  s tu d e n t a fte r c o n s u lta tio n  w ith  th e  
fa c u lty  m e m b e r d ire c tin g  h is  p ro je c t; an  e n g in e e rin g  
re p o rt on  th e  p ro je c t is re q u ire d .
IE E 6 9 1 -6 9 2  S p e c ia l Top ics in E le c tric a l E n ­
g in e e rin g  C re d it on e  to  th re e  hours.
Sem inar, re a d in g  cou rse , o r o th e r s p e c ia l a rra n g e ­
m en t a g re e d  u p o n  b e tw e e n  th e  s tu d e n ts  an d  fa c u lty  
m e m b e rs  c o n c e rn e d .
G e o lo g ic a l S c ie n c e s  101
IE E 7 9 1 -7 9 2  E lec trica l E n g in eerin g  C o llo q u iu m
Fall and  sp rin g . C re d it one  hour a te rm . For g ra d u a te  
s tu d e n ts  e n ro lle d  in th e  F ie ld  of E le c trica l E n g in e e r­
ing.
L e c tu re s  b y  v is itin g  au tho ritie s , staff, a n d  g ra d u a te  
s tuden ts . A  w e e k ly  m e e ting  fo r the  p re se n ta tio n  and  
d is c u s s io n  of im p o rta n t cu rre n t to p ic s  in th e  fie ld .
IE E 7 9 3 -7 9 4  E lec trica l E n g in eerin g  D es ig n  Fall 
a n d  sp ring . C re d it th re e  hou rs  p e r te rm . O ffe re d  fo r 
s tu d e n ts  e n ro lle d  in th e  M. Eng. (E le c tr ica l)  d e g re e  
p ro g ra m .
U tilizes  rea l e n g in e e r in g  s itu a tio n s  to  p re se n t fu n d a ­
m e n ta ls  o f e n g in e e rin g  de s ig n .
IE E 7 9 5 -7 9 9  S p ec ia l Top ics in E lectrica l 
E n g in eerin g  C re d it o n e  to  th re e  hours.
Sem inar, re a d in g  cou rse , o r o th e r s p e c ia l a rra n g e ­
m ent a g re e d  u p o n  b e tw e e n  th e  s tu d e n ts  and  fa c u lty  
m e m b e rs  c o n c e rn e d .
Courses of Interest to Students in 
Other Curricula
IE E 21 0  In tro d u ctio n  to  E lectrica l S y s te m s  Either 
te rm . C re d it th re e  hours. T hree le c tu re -re c ita tio n s . 
P re requ is ites : M a th e m a tics  192 a n d  P h ys ics  112.
A  c o re -s c ie n c e  course . S ee  d e s c r ip tio n  u n d e r D iv i­
s ion  o f B a s ic  S tud ies .
IE E 22 0  E lec trica l E n g in eerin g  L ab o ra to ry
S p ring . C re d it th re e  hours. Two le c tu res , o n e  la b o ra ­
to ry  P re requ is ite : IEE210.
A n  e xp e rim e n ta l in tro d u c tio n  to  b a s ic  e le c tr ica l 
m e a su rin g  te c h n iq u e s  an d  in s trum en ts , e le c tro n ic  
d e v ice s , an d  c ircu its . D e s ig n  of p ra c tic a l a n a lo g  an d  
d ig ita l c irc u its . U se o f in te g ra te d  c ircu its . In d iv idua l 
p ro je c ts .
Engineering Physics
See p. 71
Environmental Engineering
See p. 78.
G eologica l Sciences
T he  co u rse s  in g e o lo g ic a l s c ie n c e s  a re  lis te d  u n d e r 
the  fo llo w in g  h e a d in g s : F reshm an  a n d  S o p h o m o re  
C o urse s ; Junior. Senior, a n d  G ra d u a te  C o u rse s ; and  
F ie ld  C ourses.
Freshman and Sophomore Courses
IG E101 In tro d u c to ry  G eo lo g ic a l S c ie n c e s  Either 
te rm . C re d it th re e  hou rs. Two le c tu re s , o n e  la bo ra to ry ; 
e v e n in g  e xa m in a tio n s . W. B. Travers (fa ll), J. M. B ird  
(sp rin g ).
E arth p ro c e s s e s , fea tu res , a n d  history. B a s ic  k n o w l­
e d g e  fo r m ore  sp e c ia liz e d  c o u rs e s  o r a m a jo r in 
g e o lo g ic a l sc ie n ce s . M ate ria ls , s truc tu re , an d  in te rna l 
c o n d it io n  o f th e  earth , an d  the  p h ys ica l a n d  c h e m ica l 
p ro c e s s e s  at w o rk. Earth  history, e vo lu tio n  o f c o n t i­
nen ts , oce a n s , m ou n ta in  sys tem s, an d  o th e r fea tu res ; 
d e v e lo p m e n t o f a n im a ls  a n d  p lan ts .
IG E 1 02  In tro d u ctio n  to  H is to ric a l G eo lo g y
S p ring . C re d it th re e  hours. Two le c tu re s , on e  la b o ra ­
to ry ; e ve n in g  exa m in a tio n s . P re requ is ite : IGE101 or 
c o n se n t of instructo r. J. L. C isne  an d  staff.
A  co n tin u a tio n  of IG E 1 0 1 . H is to ry  o f th e  ea rth  an d  life 
in te rm s  o f e vo lu tio n a ry  p ro ce sse s . T he  g e o lo g ic  
re co rd , its fo rm a tion , a n d  in te rp re ta tio n  o f ea rth  
history. In tro d u c tio n  to  th e  e vo lu tio n  of life, to  fo ss ils  
a n d  th e ir  use in re c o n s tru c tin g  pas t e n v iro n m e n ts  
an d  d a tin g  rocks.
IG E 1 0 3  E arth  S c ie n c e  Fall. C re d it th re e  hours. 
(See Earth  S c ie n c e  L a b o ra to ry  IG E 105.) T h re e  le c ­
tu re s . A. L. B loom .
P hys ica l g e o g ra phy , in c lu d in g  th e  sp a tia l re la tio n ­
s h ip s  o f th e  ea rth , m oon , and  sun  th a t d e te rm in e  the  
f ig u re  of th e  earth , tim e, seaso ns, a tm o s p h e r ic  and  
o c e a n ic  c irc u la tio n , a n d  c lim a te s .
IG E 1 0 5  E arth  S c ie n c e  L a b o ra to ry  Fall C re d it 
one  hour. To b e  taken  c o n c u rre n tly  w ith  IG E 103. O ne 
labora to ry. A. L. B loom
O b se rva tio n  a n d  c a lc u la tio n  o f daily, m onth ly, a n d  
sea so n a l c e le s tia l even ts ; to p o g ra p h ic a l m a p p in g  
an d  m a p  in te rp re ta tio n ; w o rld  c lim a tic  reg io ns .
IG E131 G eo lo g y  and th e  E n v iro n m e n t Fall.
C re d it th re e  hou rs. Two le c tu re s , on e  la bora to ry , fie ld  
trip s . G. A. K ie rsch .
The p r in c ip le s  of g e o lo g ic a l sc ie n ce , w ith  e m p h a s is  
on th e  p h ys ica l p h e n o m e n a  a n d  ro c k  p ro p e rtie s  as 
th e y  in flu e n ce  th e  na tu ra l en v iro n m e n ts  o f m an.
IG E 1 62  M inera l and E n erg y  R e s o u rc e s  S p ring  
C re d it th re e  hou rs. Two le c tu re s . B. B o nn ich sen ,
W . B. Travers.
T he  nature , o ccu rre n c e , d is tr ib u tio n , a n d  a va ila b ility  
at ho m e  a n d  a b ro a d  o f m ine ra l re so u rce s , in c lu d in g  
p o lit ic a l a n d  e c o n o m ic  a sp e c ts . The  e n e rg y  c r is e s  
a n d  th e  lo n g -te rm  d e v e lo p m e n t o f a d d it io n a l e n e rg y  
reserves ; e x p lo ra tio n  a n d  re co ve ry  m e th o d s  and  
th e  e n v iro n m e n ta l d a m a g e  from  recovery.
IG E 2 32  E n v iro n m e n ta l G e o lo g y  S p rin g  C re d it 
th re e  hours. P re requ is ites : IG E101 —102, o r IG E131. 
Two le c tu re s , o n e  la bo ra to ry ; fie ld  trip s . G. A. K ie rsch . 
The g e o lo g ic  b a s is  o f m a n ’s e n v iro n m e n t an d  re lev ­
a n t im p a c t on s u c h  a s p e c ts  as: e co sys te m s , tra c e  
e le m e n ts /h e a lth , e n e rg y /m in e ra l re so u rce s , la nd  use, 
p o p u la tio n , law s an d  p o lic ie s , p o llu tio n , d isp o sa l of 
ra d io a c tiv e /in d u s tr ia l w a s tes , a n d  g e o lo g ic a l haza rds . 
L a b o ra to ry  d iscu ss io n s , fie ld  tr ip s , a n d  a 
sp e c ia l p ro je c t.
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O f th e  fo llo w in g , th e  c o re  c o u rs e s  IG E 325, IG E345, 
IG E 3 5 5 -3 5 6 , IG E376, a n d  IG E 388 m ay  b e  ta ke n  b y  
th o se  w h o  h ave  s u c c e s s fu lly  c o m p le te d  IG E 101 —102 
o r th e  e q u iva le n t, o r w h o  ca n  d e m o n s tra te  to  th e  in ­
s tru c to r tha t they  have  a d e q u a te  p re p a ra tio n  in 
m a th em a tics , ph ys ics , chem is try , b io logy, or 
en g in e e rin g .
IG E 3 25  S tru c tu ra l G e o lo g y  an d  S e d im e n ­
ta tio n  S p ring . C re d it fo u r hours. T hree  le c tu res , one  
labora to ry. P re requ is ite : IGE101 o r c o n se n t o f in s tru c ­
tor. W. B. T ravers.
N a ture , o r ig in , a n d  re c o g n itio n  o f g e o lo g ic  s truc tu res . 
B e hav io r o f g e o lo g ic  m ate ria ls . G e o m e ch a n ica l and  
te c to n ic  p r in c ip le s  a p p lie d  to  th e  so lu tion  o f g e o lo g ic  
p ro b le m s . In tro d u c tio n  to  th e  se d im e n ta ry  an d  hy­
d ra u lic  p ro c e s s e s  an d  p e tro lo g y  o f se d im e n ta ry  
rocks. D e sc rip tio n , c la ss if ica tio n , p ro ve n a n ce , tra n s ­
po rta tio n , d ia g e n e s is , and  d e p o s it io n a l e n v iro n m e n t 
o f sed im e n ts .
IG E 3 44  G eo lo g ic a l O c e a n o g ra p h y  Spring . C red it 
th re e  hou rs. T h re e  le c tu re s . T ra in ing  c ru ise , d e p e n d ­
ing on sh ip  ava ilab ility . P re requ is ite : IG E 102 or B io lo g ­
ica l S c ie n c e s  461 . A . L. B loom , D. E. K arig .
S h o re lin e  e ros io n , tra n sp o rta tio n , and  d e p o s itio n ; o r i­
g in  a n d  s tru c tu re  of co n tin e n ta l sh e lve s  a n d  o ce a n  
bas ins . G e o lo g ic  p ro c e s s e s  an d  g e o m o rp h ic  d e ­
v e lo p m e n t in th e  m a rin e  e nv iro nm e n t.
IG E 3 45  G e o m o rp h o lo g y  Fall. C re d it fou r hours. 
Tw o le c tu re s , one  la b o ra to ry ; a d d it io n a l a ss ig n e d  
p rob lem s. P re requ is ite : IG E 102  o r c o n s e n t o f in s tru c ­
tor. A . L. B loom .
D e sc rip tio n  a n d  in te rp re ta tio n  o f la n d  fo rm s  in te rm s 
o f s truc tu re , p ro ce ss , an d  stage.
IG E 3 55  M inera logy , Petro logy, a n d  G e o ­
ch e m is try  I Fall. C re d it fo u r hou rs. Two le c tu res , 
o n e  la bo ra to ry ; a s s ig n e d  p ro b le m s  an d  re ad ings ; 
fie ld  tr ip s . P re requ is ite : IG E 102  o r c o n se n t o f in s tru c ­
tor. B. B o nn ich sen .
M e g a s c o p ic  an d  o p tic a l p ro p e rtie s , chem is try , a n d  
p e tro g e n e tic  s ig n if ic a n c e  o f ro ck -fo rm in g  m inera ls . 
P rin c ip le s  o f p h a se  e q u ilib r ia  as a p p lie d  to  ig neous  
a n d  m e ta m o rp h ic  sys tem s. D e sc rip tio n , c la s s if ic a ­
tion , chem is try , pe tro g ra p h y , o r ig in , an d  re g io na l d is ­
tr ib u tio n  o f ig n e o u s  a n d  m e ta m o rp h ic  rocks. 
G e o ch e m ica l d is tr ib u tio n  o f tra c e  e le m e n ts  an d  
iso to p e s  in ig n e o u s  an d  m e ta m o rp h ic  sys tem s.
IG E 3 56  M inera logy , P etro logy, a n d  G e o ­
ch e m is try  II S p ring . C re d it fo u r hou rs. Two lec tu res , 
one  la bo ra to ry ; a ss ig n e d  p ro b le m s  a n d  read ings ; 
f ie ld  trips . B. B o nn ich son .
A  c o n tin u a tio n  o f IG E355.
IG E 3 76  H is to rica l G e o lo g y  a n d  S tra tig rap h y
Fall. C re d it fo u r hou rs. Two le c tu re s , tw o  la bo ra to ries ; 
a d d it io n a l a s s ig n e d  p ro b le m s . J. L. C isne.
A p p lic a tio n  o f g e o lo g ic  p r in c ip le s  to  in te rp re ta tio n  o f 
e a rth  h is tory ; d e ve lo p m e n t o f th e  g e o lo g ic  co lum n , 
g e o ch ro n o lo g y , a n d  g e o ch ro n o m e try ; c o rre la tio n  and
th e  zone  c o n c e p t; s e d im e n ta ry  e n v iro n m e n ts  a n d  
p ro v in ce s ; g e o s y n c lin e s  a n d  p la tfo rm s ; p ro b le m s  of 
th e  p re -C a m b ria n  an d  c o n tin e n ta l e vo lu tion .
IG E 3 88  G e o p h y s ic s  and  G e o te c to n ic s  S p ring . 
C re d it fo u r hou rs. T h re e  le c tu re s , o n e  labora to ry. P re­
re qu is ites : M a th e m a tics  112 a n d  P h ys ics  2 0 8  o r 
e q u iva le n t. B. L. Isacks , J. E. O liver.
G lo b a l te c to n ic s  an d  th e  d e e p  s tru c tu re  o f th e  so lid  
ea rth  as  re ve a le d  b y  in v e s tig a tio n s  o f ea rth q u a ke s , 
e a rth q u a k e  w a ves, th e  e a rth 's  g ra v ita tio n a l and  
m a g n e tic  fie lds , an d  hea t flow.
IG E 4 10  E x p e rim e n ts  a n d  T ec h n iq u es  in E arth  
S c ie n c e s  S p ring . C re d it tw o  hours. P re requ is ites : 
P h ys ics  2 0 7 -2 0 8  a n d  M a th e m a tics  1 9 1 -1 9 2  o r 
e q u iva le n ts , o r c o n se n t o f ins truc to r. S. Kau fm an. 
L a b o ra to ry  an d  f ie ld  e x p e rim e n ts  c h o s e n  in a c c o rd ­
a n c e  w ith  s tu d e n ts ' in te re s ts  a n d  d e s ig n e d  to  
fa m ilia rize  them  w ith  in s tru m e n ts  an d  te c h n iq u e s  
u se d  in e a rth  sc ie n c e s . In d e p e n d e n t w o rk  is 
s tre sse d .
IG E 4 2 3  P e tro leu m  G e o lo g y  Fall. C re d it th re e  
hou rs. T hree  le c tu re s , on e  la b o ra to ry ; fie ld  trip . R e c­
o m m e n d e d  p re re q u is ite : IG E325. W. B. Travers, 
S e d im e n ta tio n  a n d  te c to n ic s  as c o n d it io n s  o f h yd ro ­
c a rb o n  e n tra p m e n t. P ro b le m s  of p e tro le u m  e x p lo ra ­
tion , in c lu d in g  g e o p h y s ic a l in ve s tig a tio n s , s u b s u rfa c e  
m a p p in g , the  m ovem en t o f u n d e rg ro u n d  f lu id s , and  
th e  g e o p h y s ic a l p ro p e rtie s  o f s u b s u rfa c e  flu id s  an d  
se d im e n ts . T he  o rg a n iza tio n  an d  o p e ra tio n  o f th e  p e ­
tro le u m  in d u s try ; o n -s h o re  a n d  o ff-sh o re  e xp lo ra tio n  
a n d  p ro d u c tio n  te ch n iq u e s .
IG E 4 2 4  T ec to n ics  o f O ro g e n ic  Z o n e s : M o d ern  
a n d  A n c ie n t S p ring . C re d it th re e  hou rs. O n e  le c ­
ture . P re requ is ite : c o n s e n t o f in s tru c to rs . D. E. K arig , 
W . B. Travers.
A  c o m p a ra tiv e  s tu d y  o f is la n d  a rc s  a n d  m ou n ta in  
ranges.
IG E 4 28  G e o m e c h a n ic s  S p ring . C re d it th re e  
hou rs . Th ree  le c tu re s . P re requ is ites : M a th e m a tics  240  
o r 296 ; IG E 101. D. E. K a rig , D. L, Turcotte.
U se  o f m a th e m a tica l a n a lys is  to  e xp la in  su ch  g e o lo g ­
ica l o b s e rv a tio n s  as  o c e a n  r id g e s — th e ir  the rm a l 
s tru c tu re , e leva tion , hea t flow, an d  g ra v ity ; o ce a n  
t re n c h e s — th e  s tru c tu re  a n d  m e c h a n ic s  o f th e  b e n d ­
in g  lith o sp h e re ; fo ld in g  —  b u c k lin g , v is c o u s  a n d  p la s ­
t ic  flow ; fa u lt in g — a  d e ta ile d  m e ch a n ica l a n d  g e o lo g ­
ica l s tu d y  of th e  S an  A n d re a s  fau lt; in tru s ive s  —  
g e o th e rm a l pow er.
IG E 4 36  R o ck D e fo rm atio n  S p rin g  C re d it th re e  
hou rs. Th ree  le c tu re s . P re requ is ite : IG E325.
G. A. K ie rsch .
R eview  of s tre ss  a n a lys is  an d  b e h a v io r o f m ate ria ls , 
bo th  th e  ro c k  m a ss  a n d  sam ple . F u n d a m e n ta ls  of d e ­
fo rm a tio n  p e rta in in g  to  th e  c ru s ta l ro cks  a n d  th e  p ro b ­
le m s  o f g e o lo g ic a l sc ie n ce s .
IG E461 M inera l D e p o s its : M eta ls  Fall. C re d it four 
hou rs. Two le c tu re s , o n e  la b o ra to ry ; a s s ig n e d  p ro b ­
le m s an d  re a d in g s ; fie ld  trip . P re requ is ite : IG E 3 56  or 
c o n s e n t o f instructo r. B. B o nn ich sen .
D e sc rip tio n , o r ig in , d is tr ib u tio n , a n d  e c o n o m ic  s ig n if i­
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c a n c e  of the  p r in c ip a l ty p e s  of m e ta llic  o re  dep os its ; 
p r in c ip le s  a n d  p ro ce sse s  in vo lve d  in the ir fo rm ation . 
M a g a s c o p ic  an d  m ic ro s c o p ic  id e n tifica tio n  of p r in c i­
pa l o p a q u e  o re  m inera ls ; h a n d s a m p le  and  m ic ro ­
s c o p ic  s tu d y  of re p re se n ta tive  o re  a n d  ro ck  su ites.
[IG E 4 6 2  M inera l D e p o s its : N o n m eta ls  Spring . 
C re d it fou r hours. T hree  le c tu res , o n e  la bo ra to ry ; fie ld  
trip s . P re requ is ite : IGE461 o r co n se n t o f instructor. 
Staff. N ot o ffe red  1 9 7 5 -7 6 .]
IG E471 In verteb ra te  P a le o n to lo g y  Fall C re d it 
fou r hou rs. Two le c tu res , tw o  la b o ra to rie s . P re re q u is ­
ite: IG E102; in ve rte b ra te  zo o lo g y  re co m m e n d e d .
J. L. C isne.
P a le o b io lo g y  a n d  c la s s if ic a tio n  o f im p o rta n t foss il in ­
ve rte b ra te s . P rob lem s o f e vo lu tion . U se o f o rg a n ism s  
in re co n s tru c tin g  pas t env iro nm e n ts .
IG E 4 83  M arin e  T ec to n ics  Fall. C re d it th re e  hours. 
Tw o le c tu re s ; p o s s ib le  fie ld  trips . P re requ is ites : 
IG E325 and  a  c o u rse  in p h y s ic s  o r g e o p h y s ic s .
D. E. K arig .
S tudy  o f g e o p h y s ic a l a n d  g e o lo g ic a l ch a ra c te r is t ic s  
o f the  e a rth 's  c ru s t b e n e a th  th e  oce a n s . R e v iew  of 
s tre n g th s  a n d  lim ita tions  o f m arine  e xp lo ra to ry  
te ch n iq u e s . E m pha s is  on  re ce n t g e o lo g ic  d a ta  c o n ­
c e rn in g  p la te  m a rg in s  in th e  ocea n , e s p e c ia lly  th e  Is­
land a rc  system s.
IG E 4 85  P h ysic s  o f th e  E arth  I Fall C re d it th re e  
hours. Two le c tu re s , one  labora to ry . O p e n  to  u p p e r- 
c la s s  e ng inee rs , m a jo rs  in the  p h ys ica l sc ie n ce s , 
an d  o th e rs  b y  c o n se n t o f instructo r. D. L. Turcotte. 
R o ta tion  an d  fig u re  o f th e  earth , g ra v ita tio n a l fie ld , 
se ism o logy , g e o m a g n e tism , c re e p  an d  ane las tic ity , 
rad io ac tiv ity , e a rth 's  in te rna l hea t, co n tin e n ta l d rift, 
a n d  m an tle  co n ve c tio n .
I IG E 4 8 6  P h ys ic s  o f th e  E arth  II Fall. C re d it th re e  
hours. O p e n  to  u p p e rc la s s  e n g in e e rs , m a jo rs  in the  
p h ys ica l sc ie n ce s , a n d  o th e rs  b y  p e rm iss io n  o f in­
s tructor. IG E485 not re q u ire d  p re requ is ite . N ot o ffe re d  
1 9 7 5 -7 6 .]
IG E 4 88  In tro d u c tio n  to  G eo p h ys ica l P ro s p ec t­
ing Fall. C re d it th re e  hou rs. Two le c tu re s . P re re q u i­
sites: P h ys ics  1 1 2 -2 1 8  and  M a th e m a tics  1 9 1 -1 9 2 , o r 
equ iva len ts , o r c o n se n t of instructo r. S. Kau fm an. 
P hysica l p r in c ip le s , in s trum en ta tion , o p e ra tio n a l p ro ­
ce d u re s , and  in te rp re ta tio n  te c h n iq u e s  in g e o p h y s i­
ca l exp lo ra tio n  fo r oil, gas , a n d  m inera ls . S e ism ic  re ­
flec tion , se ism ic  re frac tion , g ra v ity  an d  m a g n e tic s  
m e th o d s  o f e xp lo ra tion .
IG E 4 90  S e n io r T h e s is  E ither te rm . C re d it one  
hour. Staff.
IG E 632  E x p lo ra tio n  G e o lo g y  S p rin g  C re d it th re e  
hours. Two le c tu res , one  la b o ra to ry  P re requ is ite : fie ld  
g e o lo g y  and , usually, g ra d u a te  s ta n d in g .
G. A. K iersch.
M e th o d s  o f e xp lo ra tio n  an d  a p p ra is a l o f g e o lo g ic  
d a ta  from  bo th  fie ld  a n d  la b o ra to ry  in ve s tig a tio n s . 
A sse ssm e n t o f e n v iro n m e n ta l g e o lo g y  an d  the  p re ­
sen ta tion  o f d ire c t a n d  in d ire c t in fo rm a tion  for p ro fe s ­
s iona l pu rpose s .
IG E 6 33  E n v iro n m e n ta l/E n g in e e rin g  G eo lo g y :  
T h e o ry  Fall. C re d it th re e  hou rs. Two le c tu res , one  
la bo ra to ry ; fie ld  trip s . P re requ is ite : IG E325; IG E 3 5 5 - 
3 5 6  a n d  IG E 345 re co m m e n d e d . G. A. K ie rsch . 
P h ys ica l p h e n o m e n a  a n d  ro c k  p ro p e rtie s  im p o rta n t to  
e n g in e e r in g  an d  e n v iro n m e n ta l p la n n in g , d e v e lo p ­
m ent, a n d  o p e ra tio n . U n d e rg ro u n d  flu ids , s u b s i­
d e n ce , g ra v ity  m ovem en t, se ism ic ity , g e o m e c h a n ic s  
an d  stresses , ro ck  m e ch a n ics , w e a th e rin g , and  
g e o lo g ic  m a te ria ls  of co n s tru c tio n . G e o lo g ic  p ro b ­
le m s e n co u n te re d  in p ra c tice ; in flu e n ce  o f na tura l 
a n d  m a n -m a d e  e n v iro n m e n ta l fa c to rs .
[ IG E 6 3 5  E n g in e e rin g  G eo lo g y : P ra c tic e  Fall, a l­
te rn a te  years. C re d it th re e  hours. Two le c tu re s , one  
la b o ra to ry ; fie ld  trips . P re requ is ites : IG E 6 33  or 
IG E 325, IG E 3 5 5 -3 5 6 , a n d  IG E 345. N ot o ffe re d  
1 9 7 5 -7 6 .
G e o lo g ica l p r in c ip le s  a p p lie d  to  th e  p la n n in g , d e s ig n , 
c o n s tru c tio n , an d  o p e ra tio n  o f e n g in e e r in g  w o rks. 
C a se  h is to ries , a n a lys is  a n d  e va lu a tio n  o f p h ys ica l 
e n v iro n m e n ta l fa c to rs , re m e d ia l trea tm en t, an d  re ­
p o r ts ]
IG E 6 42  G lac ia l a n d  Q u a te rn a ry  G e o lo g y  S p ring . 
C re d it th re e  hours. Two le c tu res , on e  la b o ra to ry ; s e v ­
era l S a tu rd a y  fie ld  trip s . P re requ is ite : IG E 345  o r c o n ­
sen t o f instructo r. A. L. B loom .
G la c ia l p ro c e s s e s  an d  d e p o s its  an d  th e  s tra tig ra p h y  
o f th e  Q uate rnary.
IG E 6 7 3  S tra tig ra p h y  Fall. C re d it th re e  hou rs. Two 
le c tu re s , o n e  a d d it io n a l hou r to  b e  a rra n g e d . P re­
re q u is ite : IG E 376. J. M. B ird.
P rin c ip le s  o f s tra tig rap hy, d e v e lo p e d  b y  d e ta ile d  
s tu d y  o f se le c te d  A m e rica n  a n d  E u rop ean  sys te m ic  
e xa m p le s .
IG E681 G e o te c to n ic s  Fall. C re d it fo u r hou rs. Two 
le c tu re s . P re requ is ite : c o n se n t o f instructo r.
J. M. B ird .
T he o ries  o f o rogen y ; o ce a n  a n d  co n tin e n t evo lu tion . 
K in e m a tics  of lith o sp h e re  p la te s . R o ck -tim e  as­
se m b la g e s  o f m o d e rn  o c e a n s  a n d  co n tin e n ta l m a r­
g in s , an d  a n a lo g s  in a n c ie n t o ro g e n ic  b e lts . T im e- 
s p a c e  re c o n s tru c tio n s  o f s p e c ific  reg io ns . P rob lem s 
o f d y n a m ic  m e ch a n ism s  —  c o ro lla r ie s  a n d  e v id e n c e  
from  c ru s ta l fea tu res .
IG E 6 8 7  S e is m o lo g y  Fall. C re d it th re e  hou rs . Two 
le c tu re s , one  a d d it io n a l hour to  b e  a rra n g e d . P re­
requ is ite : M a th e m a tics  4 2 1 -4 2 2 -4 2 3  o r e q u iva len t.
B. L. Isacks , J. E. O liver.
T h e o rie s  o f g e n e ra tio n  an d  p ro p a g a tio n  o f e la s tic  
w a ve s  in th e  earth . D e riva tion  o f th e  s tru c tu re  o f the  
ea rth  a n d  th e  m e ch a n ism s  o f e a rth q u a k e s  from  se is- 
m o lo g ic a l o b se rva tio n s .
IG E 6 8 8  G ravity, G eo m a g n e tis m , and  Heat 
F low  S p rin g . C re d it th re e  hours. Two le c tu res , one  
a d d it io n a l hou r to  b e  a rra n g e d . P re requ is ite : 
M a th e m a tics  4 2 1 -4 2 2 -4 2 3  o r e q u iva le n t.
D. L. Turcotte .
M e a su re m e n t a n d  m a th e m a tica l d e s c r ip tio n  o f the  
g ra v ita tio n a l an d  m a g n e tic  fie ld s  o f th e  ea rth ; hea t 
flow ; g ra v ita tio n a l, m a g n e tic , a n d  hea t flow  a n o m a lies  
a n d  th e  s tru c tu re  o f th e  earth ; th e o rie s  o f th e  o r ig in  of 
th e  g e o m a g n e tic  fie ld . S e le c te d  a d v a n c e d  to p ic s .
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IG E 6 90  S e m in a rs  and  S p ec ia l W o rk  T h ro u g h o u t 
th e  year. C re d it tw o  hou rs  a  te rm . P re requ is ite : c o n ­
sen t o f instructo r.
A d v a n c e d  w o rk  on o rig in a l in ve s tig a tio n s  in g e o lo g i­
ca l sc ie n ce s .
IG E 6 9 0 -1  S truc tu ra l geo logy , se d im e n ta tio n , and  
te c to n ics . W. B. T ravers.
IG E 6 9 0 -2  P e tro lo gy  o f in g e n e o u s  ro cks  a n d  m e ta l­
lic  o re  d e p o s its . B. B o nn ich sen .
IG E 6 9 0 -3  C o asta l g e o m o rp h o lo g y  an d  P le is tocen e  
geo logy . A. L. B loom .
IG E 6 9 0 -4  E n v iro n m e n ta l-e n g in e e rin g  geo logy, 
g e o m e c h a n ic s , an d  hyd ro g e o lo g y . G. A. K ie rsch .
IG E 6 9 0 -5  G e o p h ys ics , se ism o logy , gravity, m a g ­
ne tism , hea t flow, g e o te c to n ic s . B. L. Isacks , D. E. 
K a rig , S. K a u fm an, J. E. O liver, D. L. Turcotte.
IG E 6 9 0 -6  In ve rte b ra te  p a le o n to lo g y  and  
p a leoeco logy . J. L. C isne.
IG E 6 9 0 -7  M inera l d e p o s its  and  resou rces . Staff.
IG E 6 9 0 -8  E n v ironm en ta l p ro b le m s . W. B. Travers.
IG E 6 9 0 -9  M arine  geo logy . D. E. K a rig .
IG E 6 9 0 -1 0  Plate  te c to n ic s  a n d  geo logy . J. M. B ird .
Field Courses
[IG E 601 In te rs ess io n  F ie ld  Trip  C re d it on e  hour. 
P re requ is ites : IG E 1 0 1 -1 0 2  o r e q u iv a le n t an d  co n s e n t 
o f instructo r. N ot o ffe re d  19 7 5 -7 6 .
A  tr ip  o f o n e  w e e k  to  ten  d a ys  in an  a re a  o f in te re s tin g  
g e o lo g y  in the  lo w e r la titud es . Travel a n d  s u b s is te n ce  
e x p e n s e s  to b e  d e te rm in e d . In te re s te d  s tu d e n ts  
sh o u ld  c o n ta c t th e  in s tru c to r d u r in g  the  e a rly  p a rt o f 
th e  fa ll sem es te r ]
IG E 6 02  In tro d u c to ry  F ie ld  G e o lo g y  S p ring .
C re d it on e  hour. F ou r w e e ke n d  tr ip s  an d  tw o  
la b o ra to rie s ; t im e s  to b e  a rra n g e d . P re requ is ites : one 
in tro d u c to ry  c o u rs e  in g e o lo g y  a n d  IG E 325, o r c o n ­
sen t o f instructo r. W. B. Travers.
T e ch n iq u e s  o f fie ld  m a p p in g , u s in g  s e le c tive  lo ca litie s  
in sou the rn  N ew  York an d  vic in ity . U se  of B run ton  
co m p a s s , fie ld  d e s c r ip tio n s  o f ro c k  typ e s , id e n tif ic a ­
tion  a n d  fie ld  u se  of foss ils , a n d  d e s c r ip tio n  o f land 
fo rm s. C o n s tru c tio n  o f d e ta ile d  a n d  re g io n a l g e o lo g ic  
m a p s , c ro s s  se c tio n s  a n d  c o lu m n a r sec tion s . 
E m p la ce m e n t o f ro cks  a n d  th e ir  s u b s e q u e n t g e o lo g ic  
history.
IG E 7 04  W estern  F ie ld  C o u rse  S p rin g . C re d it six 
hou rs. W eekly  le c tu re  an d  a 3 8 -d a y  tr ip  to  C a lifo rn ia , 
N e vada , a n d  U tah. P re requ is ites : fo u r co u rse s  in 
g e o lo g ic a l s c ie n c e s  a t th e  30 0  leve l, a n d  c o n se n t o f 
instructor. W. B. T ravers.
A  co m p a ra tiv e  s tu d y  o f C a lifo rn ia  C o a s t R ange,
S ie rra  N e vada , B asin  an d  R ange  o f N e vada , a n d  
U in ta  M oun ta ins , U tah. P re trip  se m in a rs  an d  e x te n ­
s ive  re a d in g  at C o rne ll. S tu d y  o f M e so zo ic  s u b d u c -  
tio n  nea r San Lu is  O b is p o , C a lifo rn ia ; re c e n t ea rth  
m o ve m e n ts  a lo n g  th e  S an  A n d re a s  fa u lt nea r San 
F ra n c isco ; g ra n it ic  p lu to n  e m p la c e m e n t a n d  vo l-  
ca n is m  in th e  no rthe rn  S ie rra  N e vada ; m u lt ip le p h a s e  
m o u n ta in  b u ild in g  nea r D ix ie  Valley, N e vada ; 
s e d im e n to lo g y  a n d  b lo c k  fa u ltin g  o f th e  U in ta  M o u n ­
ta in s , U tah. F ive -d a y  ra ft tr ip  on  th e  G ree n  R iver 
th ro u g h  the  c o re  o f th e  U in ta  M oun ta in s . V is it to  an  oil 
f ie ld  in C a lifo rn ia  an d  a c o p p e r  m in e  in N e vada . L e c ­
tu re s  a n d  fie ld  tr ip s  w ith  lo ca l e xp e rts .
Industria l Engineering and 
O perations Research
Undergraduate Courses
IO R 213  S y s te m s  A n a ly s is  an d  D esig n
S p rin g . C re d it th re e  hou rs . Two le c tu re s , o n e  re c ita ­
tion . P re requ is ite : M a th e m a tics  293 . J. A. M u cks ta d t. 
S ee  c o u rs e  d e s c r ip tio n  u n d e r D iv is ion  o f B a s ic  
S tud ies .
IO R 260  In tro d u c to ry  E n g in eerin g  P ro b ­
a b ility  Either te rm . C re d it th re e  hou rs. T hree  le c ­
tu re s . P re requ is ite : firs t ye a r ca lc u lu s . D. C. H eath ,
N. U. P rabh u , M. S. T aq qu , L. I. W eiss.
See c o u rs e  d e s c r ip tio n  u n d e r D iv is ion  o f B as ic  
S tud ies .
IO R 270  B a s ic  E n g in eerin g  S ta tis tic s  E ither term . 
C re d it th re e  hou rs. Two le c tu re s , o n e  re c ita tio n . P re ­
re q u is ite : f irs t-ye a r ca lc u lu s . H. M. Taylo r 3d .
See  c o u rs e  d e s c r ip tio n  un d e r D iv is io n  o f B a s ic  
S tud ies .
IO R 301 In tro d u c tio n  to  S y s te m s  E n g in eerin g
Fall. C re d it th re e  hou rs. T h re e  le c tu re -re c ita tio n s .
B. W . S a unde rs .
A n  in tro d u c tio n  to  m o d e rn  sys te m s e n g in e e r in g  c o n ­
ce p ts . H is to rica l d e v e lo p m e n t o f in d u s tria l e n g in e e r­
ing , th e  e m e rg e n c e  o f o p e ra tio n s  re se a rch  
te c h n iq u e s , a n d  th e  m a tu rin g  o f c la s s ic a l in d u s tria l 
e n g in e e r in g  in to  th e  m o re  un ive rsa l sys te m s  e n ­
g in e e r in g  m e th odo logy . In d u s tria l o rg a n iz a tio n s  a n d  
th e ir  fu n c tio n s  o f p ro d u c tio n , m a rke tin g , co s tin g , e tc .; 
pa ra lle ls  d ra w n  w ith  th e ir  c o u n te rp a rts  in h e a lth -ca re  
sys tem s, g o v e rn m e n ta l sys tem s, a n d  o th e r se rv ic e  
in d u s trie s  to  d e m o n s tra te  th e  u n ive rsa lity  o f sys te m s 
m e th o d o lo g y
IO R 3 2 0 -3 2 1  O p tim iza tio n  M o d e ls  a n d  M eth o d s  in 
In d u s tria l E n g in eerin g  a n d  O p e ra tio n s  R esearch
I—II Fall: IO R 320; fo u r hou rs  c re d it; th re e  le c tu re s , 
o n e  re c ita tio n . S p rin g : IO R 321; th re e  h o u rs  c re d it; tw o  
le c tu re s , on e  re c ita tio n . P re re q u is ite s : M a th e m a tics  
29 3  a n d  th e  ru d im e n ts  o f c o m p u te r p ro g ra m m in g  and  
p ro b a b ility  (a s  p re s e n te d  in IO R 260). M. J. Todd. 
Fo rm u la tio n , a n a lys is , a n d  so lu tion  o f c la s s e s  o f o p ­
tim iza tio n  m o d e ls  a ris in g  in in d u s tria l e n g in e e r in g  and  
o p e ra tio n s  re se a rch . M o d e lin g  o f re so u rce  a llo ca tio n , 
p ro d u c tio n  p la n n in g , d is tr ib u tio n , inventory, lo ca tion , 
in ves tm en t, a n d  e n g in e e r in g  d e s ig n  p ro b le m s . D e­
te rm in a tio n  o f o b je c tiv e s  a n d  d e c is io n  a lte rna tive s .
In d u s tria l E g in ee rin g  and O p e ra tio n s  R e search  105
P ro p e rtie s  an d  so lu tion  te c h n iq u e s  fo r m o d e ls  d e ­
s c r ib e d  in te rm s  o f th e  fo llo w in g  d ich o to m ie s : 
d e te rm in is tic -p ro b a b ilis tic , un iva ria te -m u ltiva r ia te , 
c o n s tra in e d -u n co n s tra in e d , linear-non linea r, 
d isc re te -co n tin u o u s , s ta tic -d y n a m ic , an d  s in g le ­
m u ltip le  d e c is io n  m akers . M e th o d o lo g ie s  in c lu d e  the  
s im p le x  m e th od , g ra d ie n t te ch n iq u e s , re cu rs ive  p ro ­
ce d u re s , heu ris tics , e tc . S yn thes is  o f IE/OR 
te c h n iq u e s ; in te rp la y  b e tw e e n  fo rm u la tio n  and  
so lu tion .
IO R 335  In tro d u ctio n  to  G a m e  T h e o ry  S p ring  
C re d it th re e  hours. T hree  le c tu re s . L. J. B ille ra .
A  b ro a d  su rve y  o f th e  m a th e m a tica l th e o ry  o f g a m e s , 
in c lu d in g  su ch  to p ic s  as  tw o -p e rso n  m a trix  a n d  b i­
m atrix  gam es ; co o p e ra tiv e  an d  n o n -co o p e ra tive  
n -p e rso n  g a m e s ; g a m e s  in ex tens ive , no rm a l, and  
c h a ra c te r is t ic  fu n c tio n  fo rm . E co n o m ic  m arke t 
g a m e s . S tru c tu re  th e o ry  fo r g a m e s  a ris in g  from  c o m ­
p le x  o rg a n iza tions .
IO R 350  C o st A c co u n tin g , A n a ly s is , and C o n ­
tro l E ither te rm . C re d it fo u r hours. T hree  le c tu re - 
re c ita tio n s , o n e  c o m p u tin g  sess ion . R. N. A llen . 
A cc o u n tin g  th e o ry  a n d  p ro c e d u re s , fin a n c ia l reports ; 
p ro d u c t c o s tin g  in jo b -o rd e r an d  p ro c e s s -c o s t sy s ­
te m s —  h is to rica l a n d  s ta n d a rd  cos ts ; co s t c h a ra c ­
te ris tic s  an d  c o n c e p ts  fo r an a lys is , con tro l, an d  d e c i­
s io n  m ak ing ; d iffe re n c e s  b e tw e e n  a cc o u n tin g  and  
e n g in e e r in g  o b je c tiv e s  in th e  d e ve lo p m e n t an d  uses 
o f c o s t da ta . In tro d u c tio n  to  d e c is io n  m a k in g  b a se d  
on  e c o n o m ic  c rite ria .
IO R 361 P ro b ab ilis tic  M o d e ls  in Industria l 
E n g in eerin g  and O p e ra tio n s  R esearch  S p ring  
C re d it fo u r hours. T h re e  le c tu re s , o n e  c o m p u tin g  se s ­
sion. P re requ is ite : IO R 260  o r e q u iva le n t. D. C. H eath . 
Various p ro b a b ilis tic  te c h n iq u e s  a re  d e v e lo p e d  and  
used  to  m o d e l random  p ro ce sse s . T h e  e m p h a s is  is 
on  d e riv in g  an d  b u ild in g  d e s c r ip tiv e  p ro b a b ilis tic  
m o d e ls  o f p ro c e s s e s  fo u n d  in a  va rie ty  o f p ra c tic a l 
s itua tio ns . Top ics  in c lu d e : M arko v  cha ins , P o isson 
p ro c e s s  w ith  ex tens ions , e xp o n e n tia l m o d e ls , q u e u ­
ing m o d e ls , renew a l p ro ce sse s , an d  re lia b ility  
m ode ls .
IO R 3 7 0  In tro d u ctio n  to  S ta tis tica l T h e o ry  w ith  
E n g in eerin g  A p p lic a tio n s  Either te rm . C re d it fou r 
hours. T hree  le c tu res , o n e  re c ita tio n . P re requ is ite : a 
c o u rse  in p ro b a b ility  (e .g ., IO R 260). B. W. Turnbu ll,
M. S. Taqqu.
P ro v id e s  a  w o rk in g  kn o w le d g e  of b a s ic  s ta tis tic s  as it 
is m ost o ften  a p p lie d  in e n g in e e r in g  w o rk, an d  a 
bas is  in s ta tis tica l th e o ry  fo r co n tin u e d  s tu d y  and  
fu rth e r a p p lic a tio n . A va rie ty  o f s ta tis tica l p ro c e d u re s  
a re  p re se n te d , to g e th e r w ith  th e  th e o re tica l p r in c ip le s  
o n  w h ic h  th e y  a re  b a se d . M ay b e  fo llo w e d  b y  IO R 512 
or IOR471 o r b y  Indus tria l an d  La b o r R e la tions  311 o r 
S ta tis tics  a n d  B iom e try  511. T op ics  in c lu d e  a re v ie w  
of d is tr ib u tio n s  o f s p e c ia l in te re s t in s ta tis tics : norm al, 
ch i-sq u a re , b inom ia l, P o isson, t a n d  F; in tro d u c tio n  to 
s ta tis tica l d e c is io n  th e o ry  an d  B a yes p ro ce d u re s ; 
b a s ic  p r in c ip le s  u n d e rly in g  h yp o th e s is  tests : the  
N e ym an -P ea rson  theory ; one - an d  tw o -s id e d  
h yp o th e s is  tes ts  o f th e  m ean  o f a norm a l d is tr ib u tio n  
w h en  th e  s ta n d a rd  d e v ia tio n  is know n  (unknow n); 
hyp o th e s is  te s ts  c o n c e rn in g  th e  v a r ia n c e  o f a norm al
d is tr ib u tio n ; b a s ic  p r in c ip le s  o f p o in t a n d  c o n f id e n c e  
in te rva l e s tim a tion ; m in im u m  v a r ia n c e  u n b ia s e d  e s ­
t im a to rs , m a x im u m  like lih o o d  e s tim a tion ; c o n fid e n c e - 
in te rva l e s tim a te s  o f th e  m e a n  a n d  va r ia n c e  o f a  no r­
m al d is tr ib u tio n ; th e  b iva ria te  no rm a l d is tr ib u tio n  and  
co rre la tio n ; linea r re g re s s io n  an d  c u rv e  fit tin g  b y  le as t 
squa res .
IO R 383  A p p lic a tio n s  o f C o m p u te r  S c ie n c e  in In­
d u s tria l E n g in e e rin g  an d  O p e ra tio n s  R e search
S p rin g . C re d it fo u r hou rs. Two le c tu re s , o n e  c o m p u t­
ing sess ion . P re requ is ites : IO R 260, IO R 370, a n d  
C o m p u te r  S c ie n c e  IC S211. E. K. C lem ons.
The  a p p lic a tio n  o f c o m p u te rs  in th e  a n a lys is  o f in ­
d u s tr ia l e n g in e e rin g  a n d  o p e ra tio n s  re se a rch  p ro b ­
lem s. S im u la tion  m e th odo logy . D e s ig n  o f d a ta  p ro c ­
e ss in g  sys tem s fo r o p e ra tio n a l co n tro l. U se o f s ta tis ti­
ca l an d  m a th e m a tica l p ro g ra m m in g  p a cka g e s .
IO R 4 1 0  In d u stria l S y s te m s  A n a ly s is  Fall. C re d it 
fo u r hou rs . T hree  le c tu re s , on e  c o m p u tin g  sess ion . 
P re re q u is ite s : IO R 350 a n d  IO R 370, o r e q u iva len t.
A. S ch u ltz , Jr.
E n g in e e rin g  e c o n o m ic  ana lys is , in c lu d in g  fu n d a m e n ­
ta ls  o f e n g in e e r in g  econ om y, c o s t-b e n e fit ana lys is , 
re p la ce m e n t, ta xa tio n  e ffe c ts , d e c is io n  m a k in g  b a se d  
on  e c o n o m ic  co n s id e ra tio n s . O p e ra tio n s  a na lys is , in ­
c lu d in g  p ro c e s s  flow, p ro c e s s  eva lu a tio n , p ro c e d u ra l 
a n a lys is , re so u rce  layou t, m e th o d s  a n a lys is  an d  d e ­
s ig n , w o rk  m e a su re m e n t a n d  e s tim a tio n , jo b  
e va lua tion .
IO R 421 P ro d u ctio n  P lann ing  and  C o n tro l
S p rin g . C re d it fo u r hou rs. T hree  le c tu re s . P re re q u i­
s ites : IO R 320 an d  IOR361 o r co n s e n t of instructor.
W. L. M axw e ll.
M e th o d s  fo r th e  p la n n in g  an d  c o n tro l o f la rg e -s c a le  
o p e ra tio n s , w ith  e m p h a s is  on  m a n u fa c tu rin g  sys tem s. 
P lann ing  a n d  co n tro l o f in ven to ries ; p ro d u c t io n  p la n ­
n ing  an d  w o rk fo rc e  le ve ling  an d  sm o o th in g ; lo a d in g  
a n d  s c h e d u lin g  o f p ro d u c tio n  re so u rce s ; se q u e n c in g  
a n d  d is p a tc h in g  o f jo b s ; in te g ra te d  p la n n in g  an d  c o n ­
tro l p ro c e d u re s  fo r s in g le , m u ltip le , a n d  h ie ra rc h ic a lly  
s tru c tu re d  p ro d u c ts . M a th em a tica l, s ta tis tica l, and  
c o m p u ta tio n a l m e th o d s  fo r p e rfo rm in g  th e s e  fu n c ­
tions . Im p lim e n ta tio n  p ro b le m s  a n d  e c o n o m ic  in ­
te rp re ta tio n s  o f p ro c e d u re s  a re  co ve re d .
IO R 435  In tro d u ctio n  to  G a m e  T h e o ry  S p ring  
C re d it fo u r hou rs. T hree  le c tu res , o n e  re c ita tio n . P re­
re q u is ite : IO R 320 o r IO R 622. L. J. B ille ra .
T he  sam e  to p ic s  as  IO R 335; le c tu re s  w ill b e  co m m o n  
fo r  b o th  c o u rse s . R e g is tra n ts  in IO R 435 w ill h ave  re c i­
ta tio n s  re q u irin g  th e  in d ic a te d  p re re q u is ite s .
IO R 437  D y n a m ic  P ro g ra m m in g  Fall. C re d it fou r 
hou rs . T hree  le c tu re s , on e  re c ita tio n . P re requ is ites : 
IO R 320 o r IO R 622, an d  IO R 260. L. E. Trotter, Jr.
Th is  c o u rs e  w ill have  le c tu re s  in co m m o n  w ith  
IO R 637, b u t w ill in c lu d e  o n e  e x tra  rec ita tion .
IO R 471 A p p lic a tio n s  of S ta tis tic s  to  E n g in eerin g  
P ro b lem s Fall. C re d it fo u r hou rs. T hree  le c tu res , 
on e  re c ita tio n . P re re q u is ite : IO R 370 o r e q u iva le n t.
T. J. Santner.
A p p lic a tio n s  o f re g re ss io n  an d  c o rre la tio n  te c h n iq u e s  
to p ro b le m s  a ris in g  in e n g in e e r in g  a n d  th e  sc ie n ce s .
106 In d u stria l E n g in eerin g  and  O p e ra tio n s  R esearch
In tro d u c tio n  to  d e s ig n  a n d  a n a lys is  of e xp e rim e n ts . 
E le m e n ta ry  n o n p a ra m e tr ic  p ro c e d u re s . S in g le -s ta g e , 
tw o -s ta g e , a n d  s e q u e n tia l s a m p lin g  ru les.
Graduate Courses
IO R 516  M a th em atica l M o d e ls  —  D e ve lo p m en t 
a nd  A p p lica tio n  Fall. C re d it fo u r hou rs. Four 
re c ita tio n -la b o ra to r ie s . P re requ is ites : IO R 320 a n d  
IOR361 o r e q u iva le n t. J. Zah av i.
A  la b o ra to ry  c o u rs e  c o n c e rn e d  w ith  s tru c tu r in g  p ro b ­
le m s  a n d  o p e ra tio n a l sys te m s as  a n a ly tic  o r 
m a th e m a tica l m o d e ls . A  s e q u e n c e  o f s itu a tio n s  is 
c o n s id e re d  fo r  w h ich  s tu d e n ts  m us t s p e c ify  c rite ria , 
id e n tify  p a ra m e te rs  an d  in te ra c tin g  e le m e n ts , s p e c ify  
d a ta , a n d  co n s tru c t a  re p re se n ta tive  m o d e l to  d e ­
s c r ib e  th e  s itua tio n  o r a c c o m p lis h  th e ir  s p e c ifie d  o b ­
je c tives . M ode ls  a re  e xa m in e d  fo r th e ir  u se fu ln e ss  in 
ana lys is , syn thes is , an d  d e s ig n .
IO R 551 A d van ce d  E n g in eerin g  E c o n o m ic  
A n a ly s is  S p rin g . C re d it fo u r hou rs. Two le c tu re - 
d is c u s s io n s  p lu s  o c c a s io n a l in d iv id u a l co n fe re n ce s . 
P re requ is ite : IO R 350 o r  co n s e n t o f instructo r.
A . S ch u ltz , Jr.
B rie f re v ie w  o f c o s t a c c o u n tin g , co n tro l, an d  use  o f 
c o s t in fo rm a tion  fo r fin a n c ia l re p o rtin g  a n d  d e c is io n  
m ak ing . C a p ita l e x p e n d itu re  p la n n in g  p ro ce d u re s . 
P lann ing , b u d g e tin g , a n d  co n tro l. P ro d u c t an d  m arke t 
d e c is io n s , in te rd e p e n d e n c e  o f o rg a n iza tio n , o p e ra ­
tions , an d  e c o n o m ic  d e c is io n s . C ash  flow. M easu res  
a n d  c o n tro l o f n o n m a n u fa c tu r in g  a c tiv itie s . P ro jec t 
m a n age m en t. R e la ted  to p ic s  o f in te re s t to  c lass.
IO R 561 Q u eu in g  T h e o ry  and  Its 
A p p lic a tio n s  Fall. C re d it th re e  hou rs. T h re e  le c ­
tu re s . P re requ is ites : IOR361 a n d  c o n s e n t o f in s tru c ­
tor. N. U. Prabhu.
R ev iew  o f P o isson an d  b irth -d e a th  p ro c e s s e s  and  
M arko v  cha ins . B a s ic  q u e u in g  m o d e ls . F in ite  sou rce , 
g ro u p  a rriva ls , b u lk  se rv ice , fin ite  c a p a c ity , ba lk ing , 
an d  p rio ritie s . D e s ig n  a n d  co n tro l o f q u e u in g  sys ­
tem s. S ta tis tica l in fe re n ce  from  q u e u in g  p ro ce sse s . 
S o lu tion  te c h n iq u e s  ( in c lu d in g  s im u la tio n ) fo r q u e u in g  
p ro b le m s . A p p lic a tio n s  to  s c h e d u lin g  a n d  e q u ip m e n t 
m a in te n a n ce . T ranspo rta tion  m o d e ls . M o d e ls  fo r 
h ig h w a y  a n d  u rb a n  tra ffic  ne tw o rks . M o d e ls  fo r 
a n a ly s is  o f co m p u te r sys tem s.
IO R 5 6 2  In ven to ry  T h e o ry  Fall. C re d it th re e  hours. 
T h re e  le c tu re -re c ita tio n s . P re requ is ites : IOR361 an d  
c o n s e n t o f instructo r. J. A . M u cks ta d t.
A n  in tro d u c tio n  to  m a th e m a tica l in ve n to ry  th e o ry  w ith  
a p p lic a tio n s  to  in ve n to ry  m a n a g e m e n t, p ro d u c tio n  
con tro l, con tro l o f p e s t p o p u la tio n , an d  o th e r p ro b ­
lem s o f b u s in e ss  a n d  g o ve rn m e n t. D e te rm in is tic  an d  
s to c h a s tic  m o d e ls  a re  d e v e lo p e d  u s in g  te c h n iq u e s  of 
d y n a m ic  p ro g ra m m in g , s ta tio n a ry  a n a lys is , an d  ne t­
w o rk  flow s. E m pha s is  is  p la c e d  on  c la s s ic a l m o d e ls  
an d  th e ir  a p p lic a tio n .
IO R 5 7 0  S ta tis tica l M e th o d s  in Q u a lity  and  R e lia ­
b ility  C o n tro l S p rin g . C re d it th re e  hou rs. T hree  le c ­
tu re s . P re requ is ite : IO R 370 o r e q u iva le n t. B. W. 
T u rnbu ll.
C o n tro l c o n c e p ts : c o n tro l m e th o d s  fo r  a ttr ib u te s  a n d  
va ria b le s ; p ro c e s s  c a p a b ility  a na lys is ; a ttr ib u te s  a c ­
c e p ta n c e  s a m p lin g  p la n s  a n d  p ro c e d u re s ; d o u b le  
a n d  m u lt ip le  sa m p lin g  p la n s ; e le m e n ta ry  p ro c e d u re s  
fo r va ria b le s ; a c c e p ta n c e -re c t if ic a t io n  p ro c e d u re s ; 
b a s ic  re lia b ility  c o n c e p ts ; e xp o n e n tia l a n d  no rm a l d is ­
tr ib u tio n s  as  m o d e ls  fo r re lia b ility  a p p lic a tio n s ; life 
a n d  re lia b ility  a n a lys is  o f c o m p o n e n ts ; a n a lys is  of 
se r ie s  a n d  p a ra lle l sys tem s; s ta n d -b y  a n d  re d u n ­
d a n cy ; e le m e n ta ry  s a m p lin g - in s p e c tio n  p ro c e d u re s  
u sed  fo r  life  an d  re liab ility .
[ IO R 6 1 4  F ac ilitie s  L o c atio n  and  D e s ig n  S p ring . 
C re d it th re e  hou rs. Th ree  le c tu re -re c ita tio n s . P re­
re q u is ite : IO R 320 o r  IO R 622 o r c o n s e n t o f th e  in s tru c ­
tor. N o t o ffe re d  1 9 7 5 -7 6 .
L o ca tio n  a n d  fa c il ity  d e s ig n  m o d e ls  in vo lv in g  va riou s  
o b je c tiv e s  a n d  d iffe re n t fe a s ib ility  a ssu m p tio n s . Em ­
p h a s is  is  o n  fo rm u la tio n , ana lys is , a n d  so lu tion  
te c h n iq u e s  us ing  o p e ra tio n s  re se a rch  m e th o d s . A p ­
p lic a tio n s  in in d u s tria l a n d  e n v iro n m e n ta l e n g in e e r­
in g , re g io n a l p la n n in g , a n d  m a n a g e m e n t sc ie n c e .]
IO R 622  O p e ra tio n s  R e search  I Fall. C re d it th re e  
hou rs. T hree  le c tu re -re c ita tio n s . P re requ is ite : c o n se n t 
o f ins truc to r. N o t o p e n  to  s tu d e n ts  w h o  h a ve  had 
IO R 320. J. Zah av i.
M ode l d e s ig n , m e th o d o lo g y  o f o p e ra tio n s  re se a rch , 
linear p ro g ra m m in g , tra n s p o rta tio n  p ro b le m , a s s ig n ­
m e n t p ro b le m , dua l th e o re m , p a ra m e tric  lin e a r p ro ­
g ra m m in g , in te g e r p ro g ra m m in g , n o n lin e a r p ro g ­
ra m m in g , d yn a m ic  p ro g ra m m in g , in tro d u c tio n  to  in­
ve n to ry  theory, g a m e  theory, c o m p re h e n s iv e  p ro b ­
le m s, a n d  c a s e  s tud ie s .
IO R 623  O p e ra tio n s  R e search  II S p rin g . C re d it 
th re e  hou rs. T h re e  le c tu re -re c ita tio n s . P re requ is ite : 
IO R 260  a n d  IO R 270  o r c o n se n t o f ins truc to r. Not 
o p e n  to  s tu d e n ts  w h o  h ave  had  IO R 361. J. A. 
M u cks ta d t.
M o d e ls  fo r in ve n to ry  a n d  p ro d u c t io n  co n tro l. Re­
p la c e m e n t theory; q u e u in g , in c lu d in g  s ta n d a rd  b irth  
a n d  d e a th  p ro c e s s  m ode l an d  n o n s ta n d a rd  m o de ls ; 
a p p lic a tio n  o f q u e u in g  theory. S im u la tion . Illu s tra tive  
e x a m p le s  an d  p ro b le m s .
IO R 625  S c h e d u lin g  T h e o ry  S p rin g . C re d it th ree  
hou rs. T hree  le c tu re -re c ita tio n s . P re requ is ite : c o n se n t 
o f in s truc to r. L. E. Trotter, Jr.
S ch e d u lin g  p ro b le m s ; p ro b le m  d e fin it io n  a n d  p e rfo r­
m a n c e  m e asu res . S in g le  re so u rce  s c h e d u lin g . M xN 
s c h e d u lin g  p ro b le m s . P rio rity  q u e u in g  a p p ro a c h e s . 
S im u la tion  to  jo b  sh o p  d is p a tc h in g  a n d  h e u ris tic  p ro ­
c e d u re s .
IO R 630  L in ear P ro g ra m m in g  Fall. C re d it th re e  
hou rs . T h re e  le c tu re -re c ita tio n s . P re re q u is ite : a d ­
v a n c e d  c a lc u lu s  a n d  b a s ic  linea r a lg e b ra , o r 
IO R 320 -321 . L. J. B ille ra  
B a s ic  th e o ry  o f p o ly h e d ra l c o n v e x  se ts  in c lu d in g  
p o lyh e d ra , p o ly to p e s , p o ly h e d ra l c o n e s , a n d  th e  n o ­
t io n s  o f e x tre m e  p o in ts  a n d  rays. S e pa ra ting  
h y p e rp la n e  th e o re m s  fo r p o ly h e d ra l c o n ve x  sets . Re­
la tio n sh ip  to  sys te m s  o f linea r e q u a tio n s  a n d  in ­
e q u a litie s , in c lu d in g  th e  F arkas le m m a. D ua l p a irs  o f 
linea r p ro g ra m m in g  p ro b le m s  an d  th e  d u a lity  
theo rem . S im p le x  m e th o d  a n d  d u a l s im p le x  m e th od .
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T ranspo rta tion  an d  a ss ig n m e n t p ro b le m s . D e c o m p o s ­
ition  p rin c ip le . In tro d u c tio n  to in te g e r an d  n o n lin ea r 
p ro g ra m m in g .
IO R 631 In te g er P ro g ra m m in g  S p ring  C re d it 
th re e  hou rs. T hree  le c tu re -re c ita tio n s . P re requ is ite : 
IO R 730. L. E. Trotter, Jr.
D isc re te  o p tim iza tio n . L in e a r p ro g ra m m in g  p ro b le m  
in w h ich  the  va ria b le s  a re  re s tr ic te d  to  be  in teg e rs . 
Theory, c o m p u ta tio n , a n d  a p p lic a tio n s .
[IO R 6 3 2  N o n lin ear P ro g ra m m in g  S p rin g  C re d it 
th re e  hours. T hree le c tu re -re c ita tio n s . P re requ is ite : 
IO R 630. N o t o ffe re d  19 7 5 -7 6 .
N e ce ssa ry  and  s u ffic ie n t co n d it io n s  fo r u n co n s tra in e d  
a n d  co n s tra in e d  o p tim a . C o m p u ta tio n a l m e th o d s , in ­
c lu d in g  in te rio r (e .g ., p e n a lty  fu n c tio n s ), b o u n d a ry  
(e .g ., g ra d ie n t p ro je c tio n ), an d  e x te rio r (e .g ., cu ttin g  
p lane ) a p p ro a c h e s .]
[IO R 6 3 3  C o m b in a to ria l A n a ly s is  S p ring . C re d it 
th re e  hou rs. T hree  le c tu re -re c ita tio n s . P re requ is ite : 
IO R 640 o r co n s e n t o f in s truc to r. N o t o ffe re d  1 9 7 5 -7 6 . 
A  se m in a r in w h ich  s tu d e n ts  s tu d y  an d  le c tu re  on 
se le c te d  to p ic s  in co m b in a to ric s .]
[ IO R 6 3 4  G rap h  T h e o ry  S p ring . C re d it th re e  
hours. Th ree  le c tu re -re c ita tio n s . N o t o ffe re d  1 9 7 5 -7 6 . 
F inite, in fin ite , d ire c te d , u n d ire c te d , co m b in a to ria l, 
a n d  to p o lo g ic a l g ra p h s . C o n n e c te d n e ss , p la n a rity  
an d  im b e d d in g  p ro b le m s , e n u m e ra tio n  p ro b le m s, 
c o lo rin g  a n d  m a tch in g  p ro b le m s , a u to m o rp h ism  
g ro u p  o f a g ra p h , g e n e ra liza tio n s  o f g ra p h s , m atrix  
m e th ods , n e tw o rk  p ro b le m s . A p p lic a tio n s  to  e le c tr ic a l 
n e tw o rks , e c o n o m ic s , a n d  soc iom e try .]
IIO R 6 3 5 — 736 G a m e  T h e o ry  l-ll Fall: IO R 735. 
S p ring : IO R 736. C re d it th re e  hou rs  a te rm . Three 
le c tu re -re c ita tio n s . P re requ is ite : M a th e m a tics  411 o r 
c o n se n t o f in s truc to r; firs t te rm  is  p re re q u is ite  to  th e  
se co n d . N o t o ffe re d  19 7 5 -7 6 .
T w o -p e rso n -ze ro -su m  g a m e s ; th e  m in im a x  theorem , 
re la tio n sh ip  to  linear p ro g ra m m in g . Tw o-p erso n- 
g e n e ra l-su m  g a m e s . N o n co o p e ra tive  n -p e rs o n  
g a m e s ; N ash e q u ilib r iu m  po in ts . C o o p e ra tive  
n -p e rs o n  gam es: th e  co re , s ta b le  se ts , S h ape ly  va lue, 
b a rg a in in g  set, kerne l, nuc leo lus . G am e s w ith o u t s id e  
paym en ts . G am e s w ith  in fin ite  n u m b e r o f p laye rs . 
E co n o m ic  m a rke t g a m e s . M a th e m a tica l te c h n iq u e s  of 
g a m e  th e o ry  ]
IO R 6 3 7  D y n am ic  P ro g ra m m in g  Fall. C re d it th ree  
hours. T hree  le c tu res . P re requ is ite : IO R 260 or 
IO R 660; IO R 320 is d e s ira b le . L. E. Trotter, Jr. 
O p tim iza tio n  o f se q u e n tia l o r m u lt is ta g e  d e c is io n  
p ro c e s s e s  b a se d  on  th e  a p p lic a tio n  o f th e  d yn a m ic  
p ro g ra m m in g  p r in c ip le  o f op tim ality . Theory, c o m p u ta ­
tion , an d  a p p lic a tio n s .
IO R 640— 741 N e tw o rk  F low s and  E x trem a l C o m ­
b in a to ria l P ro b lem s l-ll Fall: IO R 640, S p ring : 
IO R 741. C re d it th re e  hou rs  a te rm . T hree  le c tu re - 
re c ita tio n  p e rio d s . P re requ is ite : c o n se n t o f in s truc to r; 
firs t te rm  is p re re q u is ite  to  th e  secon d .
D. R. Fu lkerson.
T he  th e o ry  o f flow s in c a p a c ity -c o n s tra in e d  ne tw o rks  
a n d  re la te d  a reas  in a p p lie d  co m b in a to r ia l m a th e m a ­
t ic s . T op ics  in c lu d e : m a x im u m  flow, fe a s ib ility  c rite ria , 
m in im u m  pa th , m in im u m  co s t flow, m ax im um  d y n a m ic  
flow, o u t-o f-k ilte r a lg o rith m , m u ltite rm in a l flow s, ne t­
w o rk  syn thes is , p ro je c t co s t c u rve s , s c h e d u lin g  p ro b ­
lem s, se t re p re se n ta tive s , (0,1 (-m a trice s , m a tch in g s , 
p a c k in g  an d  c o v e r in g  p ro b le m s , m a tro id  p a rtit io n  
a n d  in te rse c tio n , f lo w s  in in fin ite  g ra p h s , 
b lo c k in g  sys tem s.
IO R 660  In tro d u ctio n  to  P ro b ab ility  T h e o ry  w ith  
E n g in e e rin g  A p p lic a tio n s  Fall. C re d it fo u r hou rs. 
T h re e  le c tu re s , o n e  re c ita tio n . N. U. P rabhu.
C o ve rs  th e  sam e  to p ic s  as  IO R 260, b u t a ll le c tu re s  
an d  c o m p u tin g  se ss io n s  a re  in d e p e n d e n t o f th o s e  fo r 
IO R 260.
IO R 661 A p p lied  S to c h a s tic  P ro c e s s e s  S p ring . 
C re d it fo u r hou rs. T h re e  le c tu re s , o n e  re c ita tio n . P re­
re q u is ite : a g o o d  firs t c o u rse  in p ro b a b ility  (e .g ., 
IO R 660 o r M a th e m a tics  471 ), o r a s im ila r d e g re e  of 
so p h is tic a tio n  (e .g ., IO R 260  p lu s  IO R 361). H. M. 
Taylor, 3d.
A n  in tro d u c tio n  to  s to c h a s tic  p ro ce sse s ; a va r ie ty  of 
a p p lic a tio n s  o f th e  b a s ic  theory. T op ics  are: s e co n d  
o rd e r p ro ce sse s ; M arko v  c h a in s  an d  p ro ce sse s ; d if­
fu s io n  p ro ce sse s , renew a l th e o ry  a n d  re cu rre n t 
even ts ; flu c tu a tio n  theory; ra n d o m  w a lks; b ra n ch in g  
p ro ce sse s ; B row n ian  m otion ; b irth  an d  d e a th  p ro c e s ­
ses. E xa m p le s  a re  d ra w n  from  q u e u in g  theory, p o p u ­
la tion  g ro w th  and  o th e r e c o lo g ic a l m o d e ls , in ve n to ry  
theory, e tc .
IO R 670  In tro d u ctio n  to  S ta tis tic a l T h e o ry  and  
E n g in e e rin g  A p p lic a tio n s  S p rin g . C re d it fo u r 
hou rs . Th ree  le c tu re s , on e  re c ita tio n . P re requ is ite : 
IO R 260 o r IO R 660. M. S. Taqqu.
C o ve rs  th e  sam e  to p ic s  as  IO R 370, b u t a ll le c tu re s  
an d  c o m p u tin g  se ss io n s  a re  in d e p e n d e n t o f th o s e  fo r 
IO R 370.
IO R 671 In te rm ed ia te  S ta tis tic s  Fall. C re d it 
fo u r hou rs. Th ree  le c tu res , on e  re c ita tio n . P re re q u i­
sites: IO R 370, IO R 670, o r c o n se n t o f instructo r.
T. J. Santner.
D is tr ib u tio n s  o f ra n d o m  va ria b le s  a r is in g  in s ta tis tica l 
in fe re n c e s  b a se d  on  th e  linea r m ode l, in c lu d in g  no n ­
ce n tra l F a n d  n o n ce n tra l t d is tr ib u tio n s . D e riva tio n  o f 
le as t sq u a re  e s tim a to rs  a n d  th e ir  p ro p e rtie s : like li­
h oo d  ra tio  tests . A p p lic a tio n s  to re g re ss io n  a n a lys is  
an d  v a rio u s  A n o va  m o d e ls ; ro b u s tn e s s  p ro p e rtie s .
IO R 672  S ta tis tica l D e c is io n  T h e o ry  S p ring  
C re d it th re e  hou rs. T hree  le c tu re s . P re requ is ite : 
IOR471 o r IO R 670 o r e q u iva le n t. L. I. W eiss.
The  g e n e ra l p ro b le m  o f s ta tis tica l d e c is io n  th e o ry  and  
its  a p p lic a tio n s . The c o m p a r is o n  o f d e c is io n  ru les; 
Bayes, a d m iss ib le , a n d  m in im a x  d e c is io n  ru les . P ro b ­
le m s  Invo lv ing  a se q u e n c e  o f d e c is io n s  over tim e , in ­
c lu d in g  s e q u e n tia l an a lys is . U se  o f th e  sa m p le  
cu m u la tive  d is tr ib u tio n  fu n c tio n  a n d  o th e r non- 
p a ra m e tric  m e th o d s . A p p lic a tio n s  to  p ro b le m s  in the  
a reas o f in ven to ry  con tro l, s a m p lin g  in sp e c tio n , c a p i­
ta l in ves tm en t, an d  p ro cu re m e n t.
IO R 674  D esig n o f E x p e rim e n ts  S p ring . C re d it 
fo u r hou rs. T h re e  le c tu re s . P re requ is ite : IOR671 or 
c o n s e n t o f instructo r. R. E. B echhofer.
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U se a n d  a n a lys is  o f e xp e rim e n ta l d e s ig n s  su ch  as 
ra n d o m ize d  b lo c k s  an d  La tin  sq u a re s , a n a lys is  o f va r­
ia n ce  a n d  c o v a r ia n c e , fa c to r ia l e xp e rim e n ts , s ta tis ti­
ca l p ro b le m s  a sso c ia te d  w ith  fin d in g  b e s t o p e ra tin g  
c o n d it io n s , re s p o n s e -s u rfa c e  ana lys is .
IO R 680  D ig ita l S y s te m s  S im u la tio n  Fall. C re d it 
fo u r hou rs. T w o  le c tu re s , o n e  re c ita tio n . P re requ is ites : 
C o m p u te r S c ie n c e  IC S 2 1 1 a n d  IO R 370, o r c o n se n t of 
ins truc to r. W. L. M axw e ll.
The use  o f a  p ro g ra m  fo r a d ig ita l c o m p u te r  to  s im u ­
la te th e  o p e ra tin g  c h a ra c te r is t ic s  o f a  c o m p le x  sys ­
te m  in tim e . D iscu ss io n  o f p ro b le m s  e n co u n te re d  in 
c o n s tru c tio n  o f a  s im u la tio n  p ro g ra m ; s y n ch ro n iza tio n  
a n d  file  m a in te n a n ce , ra n d o m -n u m b e r g e n e ra tio n , 
ra n d o m -d e v ia te  sa m p lin g . P ro g ra m m in g  in s im u la tio n  
la n g u a g e s . P rob lem s in th e  d e s ig n  o f e ffe c tiv e  in ve s ­
tig a tio n s  us ing  s im u la tion ; s ta tis tica l c o n s id e ra tio n s  
w h e n  sa m p lin g  fro m  a  s im u la te d  p ro ce ss .
IO R 682  F ile  P ro c ess in g  (S am e as  C o m p u te r S c i­
e n c e  IC S 632 .) S p rin g . C re d it fo u r hou rs . Two le c tu re s , 
on e  c o m p u tin g  sess ion . P re requ is ite : C o m p u te r S c i­
e n c e  IC S 2 1 1 o r c o n s e n t o f ins truc to r. R. W. C onw ay.
IO R 738  G a m e  T h e o ry  S e m in a r S p rin g . C re d it 
th re e  hours. P re requ is ite : IO R 736 o r c o n se n t o f in ­
s truc to r. L. J. B ille ra .
A se m in a r in w h ich  s tu d e n ts  re a d  a n d  re p o rt o n  c u r ­
ren t p a p e rs  o f in te res t in g a m e  theory, p r im a rily  in the  
a re a  o f n -p e rs o n  co o p e ra tiv e  theory.
IIO R 7 3 9  S e lec ted  Top ics in M a th em atica l P ro ­
g ram m in g  S p rin g . C re d it th re e  hou rs. T hree  
le c tu re -re c ita tio n s . P re requ is ites : IO R 630 an d  c o n ­
sen t o f instructo r. N o t o ffe re d  1 9 7 5 -7 6 .
C u rren t re se a rch  to p ic s  in m a th e m a tica l p ro g ra m ­
m in g .]
IIO R 761  A d v a n c e  Q u e u in g  T h e o ry  Fall. C re d it 
th re e  hou rs. T hree  le c tu re s . P re requ is ite : IO R 660 o r 
eq u iva le n t. N o t o ffe re d  19 7 5 -7 6 .
A s tu d y  o f s to c h a s tic  p ro c e s s e s  a ris in g  in a  c la s s  of 
p ro b le m s  in c lu d in g  co n g e s tio n , s to ra g e , d a m s , and  
in su ra n ce . T he  tre a tm e n t w ill b e  se lf-co n ta in e d . Tran­
s ie n t b e h a v io r  o f th e  p ro c e s s e s  w ill be  e m p h a s ize d . 
H e a vy  tra ffic  s itua tio ns , in c lu d in g  la rg e -t im e  a p p ro x i­
m a tio n s  su ch  as d iffu s io n , w ill be  in ve s tig a te d .]
IIO R 7 6 4  S to c h a s tic  C o n tro l S p ring . C re d it th ree  
hou rs. Th ree  le c tu re s . P re requ is ite : co n s e n t o f in ­
structor. N o t o ffe re d  1 9 7 5 -7 6 .
T he  p ro b le m  o f s to c h a s tic  con tro l. N e ce ssa ry  and  
su ffic ie n t c o n d it io n s  fo r op tim a lity . S ta tionarity . C o m ­
pu ta tio n a l a lg o rith m s . A p p lic a tio n s  to  p ro b le m s  in 
o p e ra tio n s  re se a rch , in c lu d in g  q u e u e s  and  
in ve n to rie s .]
IIO R 7 6 9  S e lec ted  T o p ics  in A p p lied  P ro b ab ility
Fall. C re d it th re e  hou rs. T hree  le c tu re s . P re requ is ites : 
IOR661 a n d  c o n s e n t o f in s tru c to r.N o t o ffe re d  
1 9 7 5 -7 6 .
S e le c te d  to p ic s  in a p p lie d  p ro b a b ility  fo r a d v a n c e d  
s tu d e n ts . T op ics  w ill be  c h o s e n  fro m  cu rre n t lite ra tu re  
an d  re se a rch  a re a s  o f th e  staff.]
IO R 7 7 3  S ta tis tic a l M u ltip le -D e c is io n  P ro ­
c e d u re s  Fall. C re d it th re e  hou rs. T h re e  le c tu res . 
P re requ is ite : IO R 764  o r c o n s e n t o f in s truc to r.
R E. B echho fe r.
The  s tu d y  o f m u lt ip le -d e c is io n  p ro b le m s  in w h ic h  a 
c h o ic e  m us t be  m a d e  a m o n g  tw o  o r m ore  c o u rs e s  of 
a c tio n . S ta tis t ica l fo rm u la tio n s  o f th e  p ro b le m s . 
F ixe d -sa m p le  s ize , tw o -s ta g e , a n d  s e q u e n tia l p ro c e ­
du re s . S p e c ia l e m p h a s is  on  a p p lic a tio n s  to  rank in g  
p ro b le m s  in vo lv in g  c h o o s in g  th e  “ b e s t"  c a te g o ry  
w h e re  g o o d n e s s  is  m e a su re d  in te rm s  o f a  p a rt ic u la r  
pa ra m e te r o f in te res t. R e ce n t d e ve lo p m e n ts .
[ IO R 7 7 4  N o n p a ra m e tr ic  S ta tis tic a l A n a ly s is
S p rin g . C re d it th re e  hou rs. T h re e  le c tu re s . P re re q u i­
s ite : IO R 670 o r c o n s e n t o f ins truc to r. N o t o ffe re d  
1 9 7 5 -7 6 .
E s tim a tion  o f q u a n tile s , c .d .f.s . a n d  p .d .f.s. P ro p e rtie s  
o f o rd e r s ta tis tic s  a n d  ra n k -o rd e r s ta tis tics . 
H yp o th e s is  te s tin g  in one - an d  tw o -s a m p le  s itua tio ns . 
L a rg e  sa m p le  p ro p e rtie s  o f te s ts  an d  a s y m p to tic  d is ­
tr ib u tio n s  o f v a rio u s  te s t s ta tis tic s .]
IO R 779  S e le c te d  T o p ics  in S ta tis tic s  E ither te rm . 
C re d it th re e  hou rs. T h re e  le c tu re s . P re requ is ite : 
IO R 670  o r c o n s e n t o f ins truc to r. T. J. S antner, L. I. 
W eiss.
S e le c te d  to p ic s  c h o s e n  fro m  s u c h  f ie ld s  as  n o n ­
p a ra m e tr ic  s ta tis tica l m e th o d s , s e q u e n tia l a na lys is , 
m u lt iv a r ia te  an a lys is .
IO R 789  S e le c te d  T o p ics  in In fo rm a tio n  P ro c ­
e s s in g  (S am e  as  C o m p u te r S c ie n c e  IC S 733.) Fall. 
C re d it fo u r  hou rs. Two le c tu re s , on e  c o m p u tin g  se s ­
s ion. P re re q u is ite s : C o m p u te r S c ie n c e  IC S 3 1 4 a n d  
IO R 682, o r c o n s e n t o f ins truc to r. E. K. C lem ons . 
S e le c te d  to p ic s  in th e  d e s ig n  a n d  o p tim iz a tio n  o f re c ­
o rd  s to ra g e  a n d  f ile  a c c e s s in g  m e th o d o lo g y  us ing  
o p e ra tio n s  re se a rch  te ch n iq u e s .
IO R 890  S p e c ia l In v e s tig a tio n s  in In d u s tria l E n ­
g in e e rin g  a n d  O p e ra tio n s  R e search  E ither te rm . 
C re d it an d  se ss io n s  as  a rra n g e d . O ffe re d  to  s tu d e n ts  
in d iv id u a lly  o r in sm a ll g ro u p s . R e g is tra tio n  m u s t be  
m a d e  w ith  th e  re g is tra tio n  o ffic e r  o f th e  S choo l.
S tudy, u n d e r d ire c tio n , o f s p e c ia l p ro b le m s  in the  fie ld  
o f In d u s tria l E n g in e e rin g  a n d  O p e ra tio n s  R esearch .
IO R 891 O p e ra tio n s  R e search  G ra d u ate  
S e m in a r Fall a n d  sp rin g . C re d it o n e  ho u r e a ch  
te rm . Staff.
A  w e e k ly  1V5t hou r se m in a r d e v o te d  to  p re s e n ta tio n , 
d iscu ss io n , an d  s tu d y  o f re se a rch  in th e  F ie ld  o f O p ­
e ra tio n s  R e sea rch . D is tin g u is h e d  v is ito rs  fro m  o the r 
un ive rs it ie s  a n d  in s titu tio n s , b o th  d o m e s tic  a n d  
fo re ig n , a n d  fa c u lty  m e m b e rs  a n d  a d v a n c e d  
g ra d u a te  s tu d e n ts  o f th e  D e p a rtm e n t a n d  th e  U n ive r­
s ity  s p e a k  on  to p ic s  o f c u rre n t in te rest.
IO R 8 9 3 — 89 4  In d u s tria l E n g in e e rin g  G ra d u a te  
S e m in a r Fall a n d  s p r in g . C re d it on e  h o u r e a ch  
te rm . Staff.
A  w e e k ly  m e e tin g  to  d is c u s s  a ss ig n e d  to p ic s  a n d  
he a r p re s e n ta tio n s  o f th e  s ta te  o f th e  a r t f ro m  p ra c ­
tit io n e rs  in the  fie ld .
M a te ria ls  S c ie n c e  a n d  E n g in eerin g  109
IO R 898  P ro ject L a b o ra to ry  Fall. C re d it one  hour. 
Staff.
A  w e ek ly  m ee ting  fo r re v ie w  o f c a s e  s tu d ie s  an d  
p ro je c t p la n n in g , ana lys is , a n d  m ana g e m e n t.
IO R 899  P ro ject Fall an d  sp rin g . C re d it va r ia b le . A 
p ro je c t m ust b e  c o m p le te d  b y  e a ch  c a n d id a te  fo r the  
p ro fe ss io n a l M aste r o f E n g in e e rin g  deg ree .
P ro jec t w o rk  re q u ire s  th e  id e n tifica tio n , a na lys is , and  
d e s ig n  o f fe a s ib le  so lu tio n s  to  so m e  lo ose ly  s tru c ­
tu re d  sys te m s e n g in e e r in g  p ro b le m . The so lu tion  
m u s t be  d e fe n d e d  on  so u n d  e n g in e e r in g  an d  
e c o n o m ic  g ro u n d s .
M aterials Science and 
Engineering
Undergraduate Courses
ITE201 E le m e n ts  o f M ate ria ls  S c ie n c e  S p ring . 
C re d it th re e  hours.
R e la tions be tw e e n  a to m ic  s tru c tu re  a n d  m a c ro s c o p ic  
p ro p e rtie s  o f s u c h  d iv e rs e  m a te ria ls  as  m eta ls, 
ce ra m ic s , a n d  p o lym e rs . P rope rties  d is c u s s e d  in ­
c lu d e  m a g n e tism , su p e rco n d u c tiv ity , insu la tion , 
s e m ico n d u c tiv ity , m e ch a n ica l s tre n g th , a n d  p lastic ity . 
A p p lic a tio n s  to  m ic ro e le c tro n ic s , d e s a lin iza tio n  b y  re ­
ve rse  osm os is , s u p e rc o n d u c tin g  p o w e r tra n sm iss io n  
lines, syn th e tic  b o n e s  an d  jo in ts , e tc . E x tens ive  use o f 
m ode rn  e d u ca tio n a l te ch n iq u e s , in c lu d in g  s lid e s , au ­
d io tu to r ia l sys tem s, m ovies.
ITE261 In tro d u ctio n  to  M ech an ica l P ro p erties  o f 
M ate ria ls  E ither te rm . C re d it th re e  hou rs. Two le c ­
tu res , o n e  re c ita tio n  o r labora to ry.
S ee  d e s c r ip tio n  u n d e r D iv is ion  o f B a s ic  S tud ies .
IT E 262  In tro d u ctio n  to  E lectrica l P ro p erties  o f  
M ate ria ls  Sp ring . C re d it th re e  hours. Two le c tu res , 
one  re c ita tio n  o r labora to ry.
See d e s c r ip tio n  un d e r D iv is ion  of B a s ic  S tud ies.
ITE331 S tru c tu re  and  P ro p erties  o f  
M ate ria ls  Fall. C re d it fo u r  hou rs. L e c tu re s  and  
labora to ry.
The  m os tly  w id e ly  u sed  te c h n iq u e s  to  ch a ra c te r iz e  
an d  in ve s tig a te  m a te ria ls  su ch  as m eta ls , g lasses , 
ce ra m ic s , and  p o lym e rs ; a sso c ia te d  la b o ra to ry  w o rk  
te a ch e s  th e  use o f th e  o p tic a l m ic ro s c o p e  a n d  x -ra y  
d iffra c tio n , and  e xp o s e s  th e  s tu d e n t to  tran sm iss ion  
e le c tro n  m ic ro s c o p y  a n d  th e  use an d  a p p lic a tio n  of 
th e  sca n n in g  e le c tro n  m ic ro s c o p e . D iscu ss io n  o f how  
k n o w le d g e  o f th e  m ic ro s c o p ic  s tru c tu re  o f m a te ria ls  
o b ta in e d  w ith  these  e xp e rim e n ta l te c h n iq u e s  c a n  be  
u se d  to  p re d ic t a n d  u n d e rs ta n d  im p o rta n t e n g in e e r­
ing  p ro p e rtie s  s u c h  as  h a rd n e ss , s tre n g th , an d  fo rm - 
a b ility  o f know n m ate ria ls , a n d  how  th is  u n d e rs ta n d ­
ing a lso  p ro v id e s  g u id e lin e s  fo r th e  d e v e lo p m e n t o f 
new  m ate ria ls .
IT E 333  R e search  In v o lv e m e n t I Fall. C re d it th re e  
hours.
S e m i-in d e p e n d e n t re se a rch  p ro je c t in a ffilia tion  w ith  a
fa c u lty  m e m b e r a n d  re se a rch  g ro u p  o f th e  d e p a rt­
m ent. A p p ro v a l of d e p a rtm e n t re q u ire d .
IT E 334  R e search  In v o lv e m e n t II S p rin g  C re d it 
th re e  hours.
M ay b e  a c o n tin u a tio n  o f ITE333 o r a o n e -te rm  a ffilia ­
tio n  w ith  a re se a rch  g roup . A p p ro v a l o f d e p a rtm e n t 
re q u ire d .
IT E 335  T h e rm o d y n a m ic s  o f C o n d e n s e d  S y s ­
tem s  Fall. C re d it th re e  hou rs. T hree  le c tu res .
The  v a rio u s  p h a se s  o f m a te ria ls  an d  th e  c h a n g e s  tha t 
o c c u r  w ith in  m a te ria ls  w h e n  te m p e ra tu re s  a n d  p re s ­
su re s  c h a n g e  a re  c o n s id e re d  by  d e v e lo p in g  th e  law s 
of th e rm o d y n a m ic s  a n d  a p p ly in g  them  to  d iffe re n t 
sys tem s. The  use o f p h a se  d ia g ra m s  to  p re d ic t the  
ph a se (s ) o f an a llo y  sys tem  at any  g iv e n  te m p e ra tu re  
an d  p re ssu re  in o rd e r to  u n d e rs ta n d  b a s ic  a s p e c ts  of 
hea t tre a tm e n t su ch  a s  th e  h a rd e n in g  o f a lu m in u m  a l­
lo ys  an d  th e  q u e n c h in g  o f s tee ls . P hase  tra n s fo rm a ­
t io n s  u n d e r c o n d it io n s  o f ra p id  c o o lin g  (q u e n c h in g ) 
an d  th e ir  in flu e n ce  on  ha rd n e ss . G u id e lin e s  fo r  the  
o p tim a l hea t tre a tm e n t o f s tee ls.
IT E 3 3 6  K inetics , D iffus ion , a n d  P h ase  T ran s fo r­
m atio n s  S p ring . C re d it th re e  hou rs. T h re e  le c tu re s . 
In tro d u c tio n  to  a b so lu te  ra te  theory, a to m ic  m otion , 
an d  d iffus io n . A p p lic a tio n s  to  n u c le a tio n  a n d  g row th  
of n e w  p h a se s  in vapo rs , liq u id s , a n d  so lid s ; so lid ifi­
ca tio n , c rys ta l g ro w th , o x id a tio n  an d  co rro s io n , ra d ia ­
tion  d a m a g e , re c rys ta lliza tio n , g a s -m e ta l reac tions .
IT E 337  M ate ria ls  and  M a n u fa c tu rin g  P ro c esses
(S am e as  M e ch a n ica l a n d  A e ro s p a c e  E n g in e e rin g  
IM M 3 1 1.) E ither te rm . C re d it th re e  hours. Two le c ­
tures, on e  labora to ry. M a y  be  ta ke n  in a d d it io n  to 
ITE261. P re requ is ite : IAK221.
C o m p re h e n s io n  o f m a te ria l s tru c tu re s . P h ys ica l a n d  
m e ta llu rg ica l p ro p e rtie s  o f m a te ria ls , an d  th e ir  con tro l 
b y  m e ch a n ica l an d  m e ta llu rg ic a l m eans. C o n ve n ­
tiona l a n d  u n co n ve n tio n a l m a n u fa c tu rin g  p ro ce sse s . 
E m p h a s is  is p la c e d  on th e  a p p lic a tio n s  o f th e  kn o w l­
e d g e  le a rn e d  in c o re  c o u rs e s  a n d  th e  co rre la tio n s  
am o n g  d e s ig n , m ate ria l p ro p e rtie s , a n d  p ro ce ss in g  
m e th ods .
IT E 3 3 8  A n a ly s is  o f M a n u fa c tu rin g  P ro c esses
(S am e  as  M e ch a n ica l a n d  A e ro s p a c e  E n g in e e rin g  
IM M 612 .) S p rin g . C re d it th re e  hou rs. T hree  re c ita ­
tions . P re requ is ite : ITE337.
A n a ly tica l tre a tm e n t o f the  p ro c e s s e s  o f m a te ria l re ­
m ova l a n d  p la s tic  de fo rm a tio n , from  the  in te rd is c ip li­
na ry  v ie w p o in ts  o f m e ch a n ics , th e rm o d y n a m ic s , and  
m eta llu rgy . E m p h a s is  is  p la c e d  e q u a lly  on  c o n v e n ­
tiona l a n d  u n co n ve n tio n a l p ro c e s s e s  in vo lv in g  u l­
tra so n ic , h igh  e n e rg y  be a m , e le c tr ic  d isch a rg e , and  
e le c tro c h e m ic a l e n e rg y  s o u rce s . A lso , e c o n o m ic  
a n a lys is  of p ro d u c tio n  sys tem  an d  m a c h in e  tool 
dyn a m ics .
IT E 4 4 0  M ac ro p ro c e s s in g  o f M a te ria ls  Sp ring  
C re d it th re e  hou rs. T hree  le c tu re s , o c c a s io n a l 
labora to ry.
C o n tro l o f c h e m ic a l c o m p o s itio n  th ro u g h  sm e lting , 
reac tion , an d  re fin in g  p ro ce sse s ; a p p lic a tio n s  to  iron 
a n d  s tee l, a lum inum , re fra c to rie s , e tc . S h a p e  con tro l; 
c a s tin g  a n d  so lid ifica tio n , w e ld in g ; m e ch a n ica l s h a p ­
110  M ate ria ls  S c ien c e  a n d  E n g in eerin g
in g  th ro u g h  ro lling , d ra w in g , e tc . D e fo rm a tion  and  
a n n e a lin g , tex tu res ; re la tio n  to  m a te ria l p ro p e rtie s . 
T h e rm o m e ch a n ica l tre a tm e n ts  fo r co n tro l o f m ate ria l 
p ro p e rtie s .
ITE441 M ic ro p ro cess in g  o f M ate ria ls  Fall. C re d it 
th re e  hours. Th ree  le c tu res , o c c a s io n a l labora to ry.
The m a te ria ls  te c h n o lo g y  o f e le c tro n ic  a n d  m a g n e tic  
d e v ice s ; s in g le  c ry s ta ls  as  w e ll as  th in  film s. G row th  
a n d  p u rifica tio n  (zone  re fin in g ) o f s e m ic o n d u c tin g  
c rys ta ls ; d o p in g  p ro c e d u re s , in c lu d in g  ion  im p la n ta ­
t ion ; c o m p o s itio n  co n tro l; o x id e  g ro w th ; p h o to e tch in g . 
P repa ra tio n  o f th in  film s  b y  v a p o r d e p o s it io n ; s p u tte r­
in g ; p la tin g ; e va lu a tio n  o f film  g e o m e try  an d  c o m p o s i­
tion . M ate ria l a s p e c ts  o f re ce n t d e v ic e s  (su p e rla tt ice  
g row th , m a g n e tic  a m o rp h o u s  b u b b le s , e tc .).
IT E 4 4 3 -4 4 4  S e n io r M ate ria ls  L a b o ra to ry  Either 
te rm . C re d it th re e  hours.
E xp e rim e n ts  a re  a va ila b le  in s tru c tu ra l s tud ie s , p ro p ­
e rtie s  o f m a te ria ls , d e fo rm a tio n  an d  p lastic ity , 
m e ch a n ica l an d  c h e m ic a l p ro ce ss in g , p h a se  tra n s ­
fo rm a tion , s u rfa ce  p h ys ics , e tc .
IT E 4 4 5  E lec trica l a n d  M ag n etic  P ro p erties  of 
M a te ria ls  Fall. C re d it th re e  hou rs. T hree  le c tu res .
A n  in tro d u c tio n  to  e le c tr ic a l a n d  m a g n e tic  p ro p e rtie s  
o f m a te ria ls  w ith  e m p h a s is  on  s tru c tu ra l a sp e c ts . 
C la ss ifica tio n  o f so lids , c h a rg e  a n d  hea t tra n sp o rt in 
m e ta ls  a n d  a lloys , se m ic o n d u c to rs  and  insu la to rs , 
p r in c ip le s  o f o p e ra tio n  an d  fa b r ic a t io n  o f se m ico n ­
d u c to r  d e v ice s , b e h a v io r  o f d ie le c tr ic  an d  m a g n e tic  
m a te ria ls , m a g n e tic  d e v ice s , p h e n o m e n o lo g ic a l d e ­
sc r ip tio n  o f s u p e rc o n d u c tin g  m a te ria ls .
IT E 446  M ec h a n ic a l P ro p erties  o f M ate ria ls
S p ring . C re d it th re e  hou rs . T hree  le c tu res .
The m e ch a n ica l p ro p e rtie s  o f m a te ria ls  a n d  how  they  
ca n  b e  u n d e rs to o d  a n d  a n a lyze d  in te rm s  o f m ic ro ­
s c o p ic  irre g u la ritie s  ( la ttic e  d e fe c ts )  in p e r fe c t re g u la r 
c rys ta ls . The  g e n e ra l re la tio n  be tw e e n  s tre ss  and  
s tra in ; th e  c o n c e p t o f e q u iva le n t s tresse s  an d  
s tra ins . H o w  th e  c o n c e p t o f lo ca l d e fe c ts  ca n  e x p la in  
m a n y  a s p e c ts  o f p la s tic  flow, c re e p , fa tigue , an d  ru p ­
tu re  in c la s s ic a l a n d  new  e n g in e e r in g  m a te ria ls . A p ­
p lic a tio n  of th e se  c o n c e p ts  to  th e  d e ve lo p m e n t o f im ­
p ro ve d  m ate ria ls .
IT E 4 4 7  A p p lied  M e ta llu rg y  (S am e as  M e ch a n ica l 
a n d  A e ro s p a c e  E n g in e e rin g  IM M 613 .) C re d it th re e  
hou rs. Two le c tu res , on e  labora to ry. P re requ is ite : 
IM M 3 1 1 o r ITE261 o r p e rm iss io n  o f instructor.
W . W  C arson .
D e s ig n e d  to  a id  e n g in e e rs  an d  m a te ria l s c ie n tis ts  in 
th e  d e s ig n , se le c tio n , a n d  u se  o f m e ta ls  a n d  a lloys. 
E m p h a s is  on  th e o ry  a n d  p ra c t ic e  o f ex tra c tive , p h y s i­
ca l, a n d  m e ch a n ica l m eta llu rgy . A d d it io n a l to p ic s  in­
c lu d e  co rro s io n  p r in c ip le s  a n d  co n tro l, m e ta llu rg ica l 
fa ilu re  a n a lys is  a n d  p reven tio n , n o n d e s tru c tive  te s t­
in g . m e ta llu rg ica l e xa m in a tio n  te ch n iq u e s , s o ld e rin g , 
b ra z in g , w e ld in g , p o w d e r m e ta llu rgy , a n d  c o m p u te r 
a p p lic a tio n s  to  m eta llu rgy.
IT E 4 4 8  C u rren t T o p ics  in M a te ria ls  Sp ring .
C re d it th re e  hou rs. T hree  le c tu res .
o o rd in a te d  le c tu re s  on  to p ic s  o f cu rre n t in te rest, such
as b io m a te ria ls , fue l ce lls , c o m p o s ite  m a te ria ls , m a te ­
ria ls  p ro b le m s  in p o w e r g e n e ra tio n  a n d  d is tr ib u tio n  
sys tem s, s tre ss  c o rro s io n  c ra c k in g , e tc .
IT E 4 4 9  In tro d u c tio n  to  C e ra m ic s  Fall. C re d it 
th re e  hou rs. T h re e  le c tu re s . P re re q u is ite : ITE261 o r 
c o n s e n t of instructo r.
D e s ig n e d  to  d e v e lo p  an  u n d e rs ta n d in g  o f c e ra m ic  
m a te ria ls  an d  p ro c e s s e s  fo r e n g in e e r in g  a p p lic a tio n s . 
Som e raw  m a te ria ls  a n d  m e th o d s  o f fo rm in g . The  
c ry s ta llo g ra p h ic  na tu re  o f so m e  c e ra m ic s , a n d  s tru c ­
tu ra l im p e rfe c tio n s  th a t ca n  occur. A to m ic  a n d  io n ic  
m o tio n s  in c ry s ta llin e  c e ra m ic s  a n d  th e ir  re la tio n  to  
p ro p e rtie s  a n d  fo rm in g  m e th o d s  (s u c h  a s  s in te r in g ). 
M e ch a n ica l p ro p e rtie s , s u c h  as  c ra c k in g , in te rm s  of 
m ic ro s c o p ic  m e ch a n ism s . The p ro p e rtie s  o f som e  
n e w  c e ra m ic  m a te ria ls , s u c h  as  s ilico n  n itr id e  and  
b a riu m  titana te , in s p e c ia l a p p lic a tio n s .
Graduate Program Courses
ITE701 Top ics in T h e rm o d y n a m ic s  and  
K in e tic s  Fall. C re d it th re e  hours.
The fo llo w in g  to p ic s  a re  tre a te d  fo r c o n d e n s e d  s ys ­
tem s: fre e  e n e rg y  a n d  p h a se  e q u ilib r ia ; th e rm o ­
d y n a m ic s  o f so lu tions ; in te rfa ce s ; th e rm o d y n a m ic s  
u n d e r  a p p lie d  fie lds ; ir re v e rs ib le  th e rm o d yn a m ics ; 
re a c tio n  ra te  th e o ry  a n d  d iffus io n .
IT E 7 0 2  P h a s e  T ra n s fo rm a tio n s  S p rin g . C re d it 
th re e  hou rs. P re requ is ite : ITE701 o r e q u iva le n t. 
N u c le a tio n  theory. G row th  theory. F orm al th e o ry  o f 
n u c le a tio n  an d  g ro w th  tra n s fo rm a tio n . S p in o d a l d e ­
co m p o s itio n , D iffu s io n le ss  tra n s fo rm a tio n s . D is c u s ­
s io n s  o f to p ic s  s u c h  as  c ry s ta l g ro w th  fro m  th e  vapor, 
so lid ifica tio n , e u te c tic  tra n s fo rm a tio n s , s o lid  s ta te  
p re c ip ita tio n , e u te c to id  tra n s fo rm a tio n s , m a rte n s itic  
t ra n s fo rm a tio n s  w ith  e m p h a s is  on  th e  hea t tre a tm e n t 
o f s tee ls , a n d  tra n s fo rm a tio n s  in p o ly m e rs  an d  g la s ­
ses. A t th e  leve l o f P h ase  T ransfo rm ations, A m e rica n  
S o c ie ty  o f M eta ls , 1970.
IT E 703  E las tic ity  an d  P h ys ic a l P ro p e rtie s  of 
C ry s ta ls  Fall. C re d it th re e  hours.
E las tic  s tre ss  a n d  s tra in , c o n s titu tiv e  re la tio n s  b e ­
tw e e n  s tre ss  a n d  s tra in , e la s tic  w a ve  p ro p a g a tio n  in 
c rys ta ls , s tre ss  f ie ld s  o f d is lo c a tio n s , th e rm a l s tre s ­
ses, s tre sse s  a t c ra cks , g e n e ra liz e d  te n s o r re p re s e n ­
ta tion  o f re ve rs ib le  p h y s ic a l p ro p e rtie s  o f c rys ta ls , ir­
re ve rs ib le  th e rm o d y n a m ic s , the  O n s a g e r re la tio ns  
a n d  tra n s p o rt p h e n o m e n a  in c rys ta ls . A t th e  le ve l of 
P h y s ic a l P ro p e rtie s  o f  C rys ta ls  b y  Nye.
IT E 7 0 4  P lastic  F lo w  a n d  F ra c tu re  o f  
M a te ria ls  S p rin g . C re d it th re e  hou rs . P re requ is ite : 
ITE703 o r e q u iva le n t.
In tro d u c tio n  to  th e  th e o ry  of d is lo ca tio n s . S tra in  h a r­
d e n in g . D is lo ca tio n  d y n a m ic a l tre a tm e n t o f y ie ld  and  
flow. P o lyc rys ta llin e  h a rd e n in g . In te ra c tio n  o f in te rs ti­
tia l so lu te  a to m s  w ith  d is lo c a tio n s . S o lu tion  h a rd e n ­
in g . T w o -p h a se  h a rd e n in g . T im e- a n d  te m p e ra tu re -  
d e p e n d e n t d e fo rm a tio n . D is lo ca tio n  m o d e ls  fo r 
c le a v a g e  o f c rys ta ls . V is c o s ity  a n d  v is c o -e la s tic  b e ­
havior. T h e o rie s  o f ru b b e r  e las tic ity . N e w ton ia n  and  
n o n lin e a r v is c o u s  flow. C re e p  a n d  c re e p  rup tu re . D u c ­
t ile  fra c tu re  an d  th e  fra c tu re  o f rubber. F a tigue . A t th e
M a te ria ls  S c ie n c e  and  E n g in eerin g  111
level o f E lem en ta ry  D is lo c a tio n  Theory  b y  W eertm an, 
an d  W eertm an re v ie w  a rtic le s  in P ro g re ss  in  M a te ria ls  
S cience , an d  v a rio u s  c o n fe re n c e  reports .
IT E 706  P rin c ip le s  o f D iffraction  (S am e as 
A p p lie d  an d  E n g ine e ring  P h ys ics  IP 711.) Fall. C red it 
th re e  hours.
B road  in tro d u c tio n  to  d iffra c tio n  p h e n o m e n a  as 
a p p lie d  to  so lid  s ta te  p ro b le m s . P ro d u c tio n  o f n e u ­
tron s  an d  x -rays , s ca tte r in g  an d  a d so rp tio n  of ne u ­
tron s , e lec trons , and  x -ra y  bea m s. D iffrac tion  from  
tw o - an d  th re e -d im e n s io n a l p e r io d ic  la ttice s . C rys ta l 
sym m etry, Fou rie r re p re se n ta tio n  o f s ca tte r in g  c e n ­
te rs , a n d  th e  e ffec t o f th e rm a l v ib ra tio n s  o n  sca tte r in g . 
P honon in fo rm a tion  from  d iffuse  x -ra y  a n d  neu tron  
s ca tte r in g  and  B ra g g  re flec tions . S ta n d a rd  c ry s ta llo ­
g ra p h y  te c h n iq u e s  fo r s in g le  c ry s ta ls  a n d  p o w d e rs . 
D iffrac tion  from  a lm o s t-p e r io d ic  s truc tu res , s u rfa ce  
layers , gase s, an d  a m o rp h o u s  m ate ria ls . S u rvey  of 
d yn a m ica l d iffra c tio n  from  p e rfe c t a n d  im p e rfe c t la t­
tices . T e ch n iq u e s  fo r im a g in g  s tru c tu ra l d e fe c ts . A t 
th e  level o f O p tic a l P rin c ip le s  o f th e  D iffra c tio n  o f  
X -rays  b y  R. W . Jam es, X-R ay D iffra c tio n  b y  B, E. 
W arren, E le c tro n  D iffra c tio n  b y  V a inshte in , a n d  E le c ­
tron  M ic ro s c o p y  o f  Thin C rys ta ls  b y  H irsch , et al. 
L e c tu re s  a c c o m p a n ie d  b y  e xp e rim e n ts  on  fluo res ­
c e n c e  and  po la riza tio n  o f x -rays , d iffra c to m e te r 
m e a su re m e n ts  o f v ib ra tio n a l a m p litu d e s  in c rys ta ls , 
na tu ra l w id th s  of e m iss io n  lines, a n d  id e n tifica tio n  o f 
c rys ta l s tru c tu re s  a n d  c rys ta l o rien ta tio n  b y  b a c k  re ­
f le c tio n  te c h n iq u e s .
IT E 707  S o lid  S tate  P h y s ic s  (S am e as  P h ys ics  
635 , S o lid  S ta te  P h ys ics  I.) Fall.
An in te rm e d ia te  c o u rse  in so lid  s ta te  p h y s ic s  in c lu d ­
in g  s tu d ie s  in th e  e le c tro n  s tru c tu re  o f so lids , the ir 
c la ss ifica tion , and , in th e  c a se  o f m e ta ls , b a n d  th e o ry  
an d  F erm i su rfa ce s . T op ics  a lso  in c lu d e  the  e q u ilib ­
rium  a n d  tra n s p o rt p ro p e rtie s  o f so lid s , th e  c la ss ica l 
a n d  q u a n tu m  h a rm o n ic  c rys ta l, and  th e  fu n d a m e n ta ls  
of s e m ic o n d u c tin g  so lids . A t th e  leve l o f S o lid  S tate  
P h ys ics  b y  A s h c ro ft a n d  M erm in , o r In tro d u c tio n  to  
S o lid  S ta te  P h ys ics  (4 th  e d itio n ) b y  Kitte l.
Other Graduate Courses
IT E 5 5 3 -5 5 4  S p ec ia l P ro jec t Fall a n d  sp ring . 
C re d it s ix hours.
R esearch  on a s p e c ific  p ro b le m  in th e  m a te ria ls  area.
IT E 712  S e lec ted  Top ics in D iffrac tio n  (S am e as 
A p p lie d  an d  E n g ine e ring  P h ys ics  IP 712.) S p ring . 
C re d it th re e  hours.
E w a ld -von  Laue  d yn a m ica l th e o ry  a p p lie d  to  x-ray  
an d  h ig h  e n e rg y  e le c tro n  d iffra c tio n  in so lids . The rm a l 
sca tte r in g  a n d  m e a su rem en t o f p h o n o n  d isp e rs io n , 
fre q u e n c y  sp e c tru m , in te ra to m ic  fo rc e  cons tan ts , 
D e b ye  te m p e ra tu re s , an d  v ib ra tio n a l a m p litu d e s . D if­
fuse  sca tte r in g , sho rt- a n d  lo n g -ra n g e  order, p re c ip i­
ta tion  in so lids , po in t de fec ts .
IT E 714  E lec tro n  M ic ro s c o p y  S p ring . C re d it th re e  
hours.
E lec tron  o p tic s . K in e m a tica l th e o ry  o f d iffra c tio n  w ith  
a p p lic a tio n s  to  th e  im a g in g  o f c rys ta l d e fe c ts . D yn a m ­
ica l th e o ry  o f d iffra c tio n  as  a p p lie d  to  th e  ca lc u la tio n
of im a g e s  o f v a rio u s  d e fe c ts . In te rp re ta tio n  an d  
a n a lys is  o f e le c tro n  d iffra c tio n  pa tte rn s . A p p lic a tio n  of 
th e  s te re o g ra p h ic  p ro je c tio n  to  p ro b le m s  in m ic ro ­
scopy. A p p lic a tio n s  of d a rk  fie ld  m ic ro sco p y . In s tru c ­
tion  in th e  use o f th e  m ic ro sco p e .
IT E 716  T h e  E ffects  o f R a d ia tio n  on  M ate ria ls
E ither te rm . C re d it th re e  hou rs. Th ree  le c tu res .
C ro ss  s e c tio n  fo r a tom  d is p la c e m e n t; o r ie n ta tio n  d e ­
p e n d e n c e  of th e  th re sh o ld  e ne rgy ; in te ra to m ic  p o te n ­
tia ls; th e  a to m ic  co llis io n  c a s c a d e ; fo c u s in g  o f a to m ic  
c o llis io n s ; m a ss  tra n sp o rt a lo n g  co llis io n  s p e c tra  
w ith in  a  ca s c a d e ; ra n g e  c o n c e p ts  an d  m e a su re m e n ts  
in p o ly c ry s ta llin e  an d  s in g le  c rys ta l so lid s ; c h a n n e le d  
p a rtic le s  an d  th e  e ffe c t o f c rys ta l im p e rfe c tio n s  on  th e  
range ; R u the rfo rd  sca tte r in g  an d  c h a n n e lin g  a n d  the ir 
a p p lic a tio n  to  th e  la ttice  lo ca tion  o f im p u r ity  a tom s; 
sp u tte r in g  o f s in g le  a n d  p o ly c ry s ta llin e  m e ta ls ; re c o v ­
e ry  m e ch a n ism s  fo r ra d ia tio n  d a m a g e ; v o id  fo rm a tion  
in m e ta ls  irra d ia te d  to  h ig h  flu e n ce s  an d  th e  p ro b le m  
of s w e llin g  in liq u id  m eta l fast b re e d e r re a c to rs . A t th e  
leve l o f D e fe c ts  a n d  R a d ia tio n  D a m a g e  in  M e ta ls  by  
M. W. T ho m pso n ; The O b se rva tio n  o f  A to m ic  C o lli­
s ions  in  C rys ta llin e  S o lid s  b y  R. S. N e lson ; Ion  B o m ­
b a rd m e n t o f  S o lid s  by  G. C a rte r an d  J . S. C o lligon ; 
an d  se le c te d  p a p e rs  a n d  re v ie w  a rtic les .
IT E 7 6 2  P h ys ic s  o f S o lid  S u rfa c e s  (S am e  as 
A p p lie d  a n d  E n g in e e rin g  P h ys ics  IP 762.) S p ring . 
C re d it th re e  hou rs. P re re q u is ite s : ITE701 a n d  som e  
kn o w le d g e  o f so lid  s ta te  p h ys ics .
E q u ilib r iu m  th e rm o d y n a m ic s  an d  s ta tis tica l 
m e c h a n ic s  o f in te rfa ce s . A to m ic  s tru c tu re  o f su rfa ce s  
in e q u ilib r iu m . S u rfa ce  fie lds , d ip o le s , an d  d e fe c ts  in 
insu la to rs . E le c tro n ic  an d  v ib ra tio n a l p ro p e rtie s  of su r­
fa ce s . S u rfa ce  b a rr ie rs  a n d  w o rk  fu n c tio n s , su rfa ce  
v ib ra tio n a l a n d  e le c tro n ic  s ta tes . K ine tic  p ro c e s s e s  at 
su rfa ce s . M ass a n d  c h a rg e  tra n sp o rt. C o n d e n sa tio n  
a n d  e va p o ra tio n  p ro ce sse s . E xp e rim e n ta l 
te ch n iq u e s . M a te ria ls  d ra w n  from  re se a rch  p a p e rs  
a n d  va r io u s  re v ie w  a rtic le s  in jo u rn a ls  s u ch  as  P ro g ­
re ss  in  M a te ria ls  S c ience , A d v a n c e s  in  Chem istry, 
an d  S o lid  S ta te  P hys ics .
IT E 765  A m o rp h o u s  and  S e m ic ry s ta llin e  
M a te ria ls  S p ring . C re d it th re e  hou rs.
T o p ics  re la te d  to  th e  s c ie n c e  o f th e  a m o rp h o u s  s ta te  
se le c te d  from  w ith in  th e  fo llo w in g  g e n e ra l a reas: 
s tru c tu re  o f liq u id s  a n d  p o lym e rs ; rh e o lo g y  o f e la s ­
to m e rs  an d  g lasses ; e le c tr ica l, the rm a l, an d  o p tic a l 
p ro p e rtie s  o f a m o rp h o u s  m a te ria ls . P re se n te d  a t the  
leve l o f M o d e rn  A s p e c ts  o f  th e  V itreous S ta te  b y  
M ackenz ie , "G la s s  T rans itions" b y  S hen an d  E isen- 
b e rg  in P ro g re ss  in  S o lid  S ta te  C hem istry , an d  The  
P h ys ics  o f  R u b b e rlike  E la s tic ity  b y  Treloar.
IT E 7 6 7  E lec trica l and  M ag n etic  P ro p erties  o f  
M ate ria ls  S p ring . C re d it th re e  hou rs. P re requ is ite : 
P h ys ics  4 5 4  o r e q u iva len t.
E le c tro n ic  tra n sp o rt p ro p e rtie s  o f m e ta ls  and  
se m ic o n d u c to rs , s e m ic o n d u c to r  d e v ic e s , o p tic a l and  
d ie le c tr ic  p ro p e rtie s  of in su la to rs  a n d  s e m ic o n d u c ­
to rs , la se r m a te ria ls , d ie le c tr ic  b re a kd o w n , s tru c tu ra l 
a s p e c ts  o f s u p e rc o n d u c tin g  m a te ria ls , fe rro m a g ­
ne tism  a n d  m a g n e tic  m ate ria ls . A t th e  le ve l o f P h ys ics  
o f  S e m ic o n d u c to r  D e v ic e s  by  Sze, F e rro m a g n e tism  
by  B o zw orth , an d  cu rre n t re v ie w  a rtic les .
112 M ech an ica l and  A e ro s p a c e  E n g in eerin g
IT E 7 6 8  T h e o ry  o f C rys ta l D e fec ts  Fall. C re d it 
th re e  hou rs. P re requ is ites : ITE701 an d  ITE703 or 
e q u iva len t.
T he s tru c tu re  a n d  p ro p e rtie s  o f po in t, line, an d  p la n a r 
c rys ta l d e fe c ts  tre a te d  from  a fu n d a m e n ta l po in t of 
view. T h e rm o d yn a m ics  an d  k in e tic s  of po in t d e fe c ts . 
A to m is tic  a n d  c o n tin u u m  th e o rie s  o f d is lo ca tio n s . 
T h e rm o d yn a m ic  tre a tm e n t of g ra in  b o u n d a rie s . S tru c ­
tu re  o f g ra in  b o u n d a rie s . E m p h a s is  g ive n  th ro u g h o u t 
to  in te ra c tio n s  b e tw e e n  th e  va rio u s  ty p e s  o f d e fe c ts  
an d  to  th e ir  ro les  in im p o rta n t p h e n o m e n a  s u c h  as 
d iffus io n , p re c ip ita tio n , p las tic ity , ra d ia tio n  dam age .
A t th e  leve l o f P o in t D e fe c ts  a n d  D iffu s io n  b y  F lynn, 
Theory o f  D is lo ca tio n s  b y  H irth  a n d  Lothe, an d  H ig h  
A n g le  G ra in  B o u n d a rie s  b y  G le ite r a n d  C h a lm ers .
IT E 769  C e ra m ic  M ate ria ls  Fall. C re d it th re e  
hou rs. P re requ is ites : ITE701 an d  som e fa m ilia rity  w ith  
c rys ta l s truc tu res .
C rys ta l s tru c tu re  a n d  b o n d in g  o f ty p ic a l c e ra m ic  
m a te ria ls ; s tru c tu re  o f s ilic a te  a n d  n o n s ilica te  g la s ­
ses; im p e rfe c tio n s  in o x id e s ; p o in t d e fe c ts  an d  po in t 
d e fe c t chem istry , line  d e fe c ts , e x te n d e d  d e fe c ts ; d if ­
fu s io n  in s to ic h io m e tr ic  a n d  n o n s to ich io m e tric  
ce ra m ics ; p h a se  tra n s fo rm a tio n s ; e q u ilib r iu m  and  
no n e q u ilib riu m  pha ses; g ra in  g ro w th  an d  s in te rin g ; 
p la s tic  d e fo rm a tio n  an d  c re e p ; to p ic s  from  re se a rch  
p a p e rs . A t th e  leve l o f In tro d u c tio n  to  C e ra m ics  b y  
K ingery, Io n ic  C rys ta ls , L a ttice  D e fe c ts  a n d  
N o n s to ic h io m e try  b y  N. N. G re e n w o o d , an d  se le c te d  
re se a rch  pa p e rs .
M echanical and Aerospace 
Engineering
The c o u rs e s  in m e ch a n ica l a n d  a e ro s p a c e  e n g in e e r­
ing  a re  lis te d  u n d e r th e  fo llo w in g  h e a d in g s : G enera l, 
E n g in e e rin g  D e s ig n , M e c h a n ic a l S ys tem s a n d  
A n a lys is , M a te ria ls  P ro ce ss in g , T ransporta tion , 
B io m e ch a n ics , A e ro s p a c e  E n g in e e rin g , F lu id  
M e ch a n ics , H e a t Transfer, and  Power, A d v a n c e d  
T he rm odyna m ics , a n d  C o m bu stion .
General
IM G 101 N ava l S h ip  S y s te m s  S p ring . C re d it th re e  
hou rs. O p e n  to  fre sh m e n  an d  s o p h o m o re s  only.
A n  in tro d u c tio n  to  p r im a ry  s h ip  sys te m s a n d  th e ir  in­
te rre la tio n . B a s ic  p r in c ip le s  o f s h ip  co n s tru c tio n , s ta ­
b ility, p ro p u ls io n , con tro l, in te rna l co m m u n ica tio n s , 
s tru c tu re , an d  o th e r m a rin e  sys tem s.
IM G 302  Tec h n o lo g y  and  S o c ie ty  —  A H is torica l 
P e rs p ec tive  S p ring . C re d it th re e  hours. T hree 
le c tu re -d iscu ss io n s . P re requ is ite : u p p e rc la s s  s ta n d ­
in g  in e n g in e e r in g  o r p e rm iss io n  o f instructo r. A p ­
p ro v e d  as  a libe ra l e le c tive  fo r u n d e rg ra d u a te s  in en ­
g in e e rin g . B. J. C onta .
A n in tro d u c tio n  to  th e  h is to ry  o f te c h n o lo g y  a n d  its 
re la tio n sh ip  to  soc ie ty . E m p h a s is  w ill b e  u p o n  th e  in­
te ra c tio n s  b e tw e e n  te c h n o lo g y  a n d  the  c o rre s p o n d ­
in g  e co n o m ic , so c ia l, a n d  p o lit ica l d e v e lo p m e n ts  of 
th e  p e rio d , ra th e r th a n  u p o n  th e  in te rn a l h is to ry  of 
te chno logy . The p e r io d  o f m a jo r in te res t w ill b e  the 
n in e te e n th  a n d  tw e n tie th  c e n tu r ie s . B o th  th e  m a te ria l 
a b u n d a n c e  a n d  th e  e x p lo s iv e  p ro b le m s  o f th e  tw e n ­
tie th  ce n tu ry  h a d  th e ir  o r ig in s  in tw o  d ra m a tic  d e ­
v e lo p m e n ts  o f th e  n in e te e n th  cen tu ry. O ne  w a s  the  
e m e rg e n c e  o f th e  W att s team  e n g in e  as  a ge n e ra l 
p u rp o s e  p r im e  m o ve r a n d  th e  va s t in c re a se  in a va ila ­
b le  p o w e r it m a d e  p o s s ib le  b y  th e  e x p lo ita tio n  o f the  
th e rm a l e n e rg y  o f w o o d  a n d  th e  foss il fue ls . A  s e c o n d  
a n d  less o b v io u s  d e v e lo p m e n t w a s  a c h a n g e  in the  
te c h n ic a l m o tiva tion . T e ch n o lo g y  c h a n g e d  from  a re ­
s p o n s e  to  th e  n e e d s  o f m an  (n e c e s s ity  as  th e  m o th e r 
o f in ve n tio n ) to  a re s p o n s e  to  th e  p o s s ib ilit ie s  of s c i­
e n c e  (in ve n tio n  as  th e  m o th e r o f n e c e s s ity — th e  
te c h n o lo g ic a l im p e ra tive ).
IM G 208  T h e  R o le  o f E n erg y  in S o c ie ty  S p ring , 
o n  d e m a n d . C re d it th re e  hou rs. P re requ is ite : c o n se n t 
o f instructo r.
A  se m in a r-fo rm a t c o u rs e  in c lu d in g : p a tte rn s  of 
e n e rg y  co n s u m p tio n ; U n ite d  S ta tes  a n d  w o rld  c o m ­
p a riso n s ; fue l resou rces ; te c h n o lo g y  o f fue l e x tra c ­
tion , e n e rg y  c o n ve rs io n , a n d  u tiliza tion ; e n e rg y  
p o lic ie s  a n d  re g u la tio n s ; e n v iro n m e n ta l c o n flic t; lim its  
to  g ro w th .
IM G 221 T h e rm o d y n a m ic s  E ither te rm . C re d it 
th re e  hou rs. T hree  re c ita tio n s . P re requ is ites : 
M a th e m a tic s  191 a n d  192, P h ys ics  112.
S ee  d e s c r ip tio n  u n d e r D iv is ion  of B a s ic  S tud ies .
IM G 325  M e c h a n ic a l D es ig n  and  A n a ly s is  E ither 
te rm . C re d it fo u r hou rs . T h re e  re c ita tio n s , one  
labora to ry . P re requ is ites : IAK231 a n d  IAK221. 
A p p lic a tio n  o f th e  p r in c ip le s  of m e c h a n ic s  a n d  m a te ­
ria ls  to  p ro b le m s  o f a n a lys is  a n d  d e s ig n  o f m e c h a n i­
c a l sys tem s. T op ics  c o n s id e re d  v a ry  fro m  ye a r to  year 
a n d  ra n g e  from  tra d it io n a l d is c ip lin e -o r ie n te d  w o rk  to  
w o rk  c u ttin g  a c ro s s  severa l d is c ip lin e s . L a b o ra to ry  
c o n s id e rs  o p e n -e n d e d  d e s ig n  p ro b le m s . U se  o f the  
d ig ita l c o m p u te r fo r d e s ig n  p ro b le m s  is re q u ire d .
IM G 453  M ec h a n ic a l E n g in eerin g  
L a b o ra to ry  Fall. C re d it fo u r hou rs. O ne  le c tu re , tw o  
la b o ra to rie s . P re re q u is ite s : IM G 325 , IM G 221, IM F323, 
a n d  s im u lta n e o u s  re g is tra tio n  in IM S 326 an d  IM H 324. 
L a b o ra to ry  e x e rc is e s  in in s tru m e n ta tio n , te c h n iq u e s , 
an d  m e th o d s  in m e ch a n ica l e n g in e e rin g . M e a su re ­
m ent of p ressure , te m p e ra tu re , hea t flow, m ass tra n s ­
fer, d is p la c e m e n t, fo rc e  s tress , s tra in , v ib ra tio n s , 
noise, etc . U se  o f e le c tro n ic  in s tru m e n ts  a n d  fas t- 
re sp o n se  senso rs  fo r s te a d y  a n d  tra n s ie n t s ta tes . U se 
of d e n s ity -s e n s it iv e  o p t ic a l sys tem s. E rro r a n a lys is  in 
e xp e rim e n ta l d e te rm in a tio n s .
IM G 483  R e lia b ility  S p ring . C re d it th re e  hours. 
P re requ is ite : IO R 260 o r IO R 270 o r e q u iva le n t.
S. L. Phoenix.
A n  in tro d u c tio n  to  re lia b ility  c o n c e p ts  an d  m e th o d s  in 
e n g in e e rin g  a n d  th e  p ro b a b ilis tic  m o d e ls  on  w h ich  
th e y  a re  b a se d . C o m b in a to ria l re lia b il ity  h a za rd  fu n c ­
tio n  c o n c e p ts , sys tem  re liab ility , sys tem  h a za rd  ra te  in 
te rm s  of e le m e n t h a za rd  rate, s ta tic  m a te ria l s tre n g th  
m o d e ls , P o isson  b a se d  flaw  m o d e ls , f ib re  b u n d le
M ec h a n ic a l and  A e ro s p a c e  E n g in eerin g  113
m ode ls , s tre n g th  loss es tim a tion , fa ilu re  d a ta  in te rp re ­
ta tion . P ro b a b ilis tic  fa tig u e  m ode ls , p ro b a b ilis tic  in ­
te rp re ta tio n  o f S-N  cu rve s , P-S cu rve s , ra n d o m  
fa tig u e  c ra c k  g ro w th  m o d e ls , cu m u la tive  d a m a g e  
m ode ls .
IM G 654  E n v iro n m e n ta l C o n tro l Fall. C re d it th re e  
hou rs. P re requ is ites : c o u rs e s  in th e rm o d yn a m ics , 
f lu id  m e ch a n ics , an d  hea t transfer. D. G. S h ephe rd . 
E nv ironm enta l liv ing  sys tem s; h ea ting , co o lin g , and  
a ir c o n d it io n in g . R e frige ra tio n  a n d  c ry o g e n ic  sys tem s 
a n d  a p p lic a tio n s . A rtif ic ia l e n v iro n m e n ts  an d  life- 
s u p p o rt sys tem s fo r s p a c e  a n d  underw ate r. P ro d u c ­
tion  of h igh  va cu u m , p ressu re , tem p era tu re , an d  v e ­
lo c ity  fo r  s im u la tion  o f sp e c ia l e n v iro n m e n ts ; p ro b ­
lem s o f ze ro  gravity.
IM G 6 5 6  E n erg y  and  F lu id  S y s te m s  
L ab o ra to ry  Fall. P re requ is ite : IM G 453  or 
e qu iva len t.
In d iv id u a lly  o ffe re d  e xp e rim e n ta l s tud ie s . The t im e  a l­
lo tted , and  th e  n u m b e r of s tu d e n ts  a c c e p te d  fo r e a ch  
e xp e rim e n t w ill b e  s p e c ifie d  b y  th e  in s tru c to r in e a ch  
case. A va ila b le  e x p e rim e n ts  w ill ra n g e  from  p e rfo rm ­
a n c e  te s tin g  of e n g in e  co m p o n e n ts  to  s tu d ie s  o f lase r 
in terfe rom etry .
IM G 790  M ech an ica l E n g in eerin g  D esig n  P ro ject
B oth  te rm s. C re d it th re e  hou rs  e a c h  te rm . In te n d e d  
fo r s tu d e n ts  in th e  M .E ng. (M e ch a n ica l)  d e g re e  
p rog ram .
D e s ign  o f an  e n g in e e rin g  system  or a d e v ic e  o f a d ­
v a n c e d  nature. P ro je c ts  to  b e  c a rrie d  ou t b y  in d i­
v id u a l s tu d e n ts  o r by  sm all g ro u p s  w ith  in d iv id u a l a s ­
s ig n m e n ts  cu lm in a tin g  in an e n g in e e rin g  re p o rt by  
e a c h  s tuden t. In som e  ca s e s  th e  p ro je c t is  c a rrie d  ou t 
in co lla b o ra tio n  w ith  an e x te rna l o rg a n iza tio n , su ch  as 
an  in d u s tria l com pany , rese a rch  labora to ry, o r p u b lic  
agency, w h ose  re p re se n ta tive s  s u g g e s t cu rre n t p ro b ­
le m s  a n d  rev iew  th e  fina l d e s ig n s .
IM G 791 M ech an ica l a n d  A e ro s p a c e  E n g in eerin g  
R e search  C o n fe re n c e  E ither te rm . C re d it on e  hour. 
For g ra d u a te  s tu d e n ts  in vo lve d  in re se a rch  p ro je c ts . 
S hort p re se n ta tio n s  on  re se a rch  in p ro g re s s  b y  s tu ­
d en ts  and  staff.
IM G 799  M ech an ica l and  A e ro s p a c e  E n g in eerin g  
C o llo q u iu m  T h ro u g h o u t th e  year. C re d it o n e  hou r a 
term . A ll s tu d e n ts  an d  sta ff in v ite d  to  a tte n d . R e g is tra ­
tion  fo r c re d it  lim ite d  to  g ra d u a te  s tuden ts .
Lec tu res  b y  C o rne ll s taff m em b ers , g ra d u a te  s tu ­
den ts , an d  v is itin g  sc ie n tis ts  on  to p ic s  of in te res t in 
m e ch a n ica l an d  a e ro s p a c e  sc ie n ce , e s p e c ia lly  in 
c o n n e c tio n  w ith  new  resea rch .
IM G 890  R esearch  in M ec h a n ic a l and  A e ro s p a c e  
E n g in eerin g  C re d it a rra n g e d . P re requ is ite : c a n d i­
d a c y  fo r M .S. d e g re e  in m e ch a n ica l or a e ro s p a c e  
e n g in e e rin g , o r a p p ro v a l of the  d irector.
In d e p e n d e n t re se a rch  in an a rea  o f m e ch a n ica l and  
a e ro s p a c e  e n g in e e r in g  u n d e r th e  g u id a n c e  o f a 
m e m b e r o f th e  staff.
IM G 990  R e search  in M ech an ica l a n d  A e ro sp ace  
E n g in eerin g  C re d it a rra n g e d . P re requ is ite : c a n d i­
d a c y  fo r Ph.D . d e g re e  in m e c h a n ic a l or a e ro s p a c e
e n g in e e r in g  o r a p p ro v a l o f th e  d irec to r.
In d e p e n d e n t re se a rch  in an  a re a  o f m e c h a n ic a l and  
a e ro s p a c e  e n g in e e r in g  u n d e r the  g u id a n c e  of a 
m e m b e r o f th e  staff.
Engineering Design
IM D 4 6 4  D e s ig n  fo r  M a n u fa c tu re  Fall. C re d it th ree  
hou rs. T h re e  re c ita tio n s . P re requ is ite : IM M 3 1 1 or 
IT E 261 , o r co n c u rre n t e n ro llm e n t in IM M 3 1 1, o r c o n ­
sen t o f instructo r. R. L. Wehe.
D e s ign  o f ca s tin g s , fo rg in g s , s ta m p in g s , an d  w e ld -  
m ents; u n co n ve n tio n a l p ro ce sse s . D e s ig n  fo r hea t 
trea tm en t, m a ch in in g , and  a sse m b ly ; s e le c tio n  of 
m a te ria ls ; d im e n s io n in g  an d  fits, j ig s  an d  fix tures. 
Jo in ts , fas ten e rs , a n d  sha ft m o u n tin g s  a n d  c o n n e c ­
tions. S p e c if ic a tio n s  fo r m a n u fa c tu rin g  a n d  m a in te ­
n a n ce  to  m in im ize  fa tig u e  fa ilu re s  a n d  im p ro ve  re lia ­
b ility ; b e n e fic ia l p re s tre ss in g ; im p ro v in g  th e  d is tr ib u ­
t ion  of lo a d s  an d  d e fle c tio n s . S e a ls  a n d  lu b ric a tio n  
sys tem s. C o m p o n e n ts  a n d  c irc u its  fo r flu id  pow er 
a n d  c o n tro ls . S hort d e s ig n  p ro b le m s .
IM D 663  M ec h a n ic a l C o m p o n e n ts  S p rin g  C re d it 
th re e  hours. Th ree  re c ita tio n s . P re requ is ite : IM G 325  
o r e q u iva len t.
A d v a n c e d  a n a lys is  of m a ch in e  co m p o n e n ts  an d  
s truc tu res . A p p lic a tio n  to  th e  d e s ig n  o f new  c o n f ig ­
u ra tio n s  an d  d e v ice s . S e le c te d  to p ic s  from  th e  fo llo w ­
ing : lu b ric a tio n  th e o ry  a n d  b e a rin g  d e s ig n , flu id  c o u ­
p lin g s , to rq u e  co n ve rte rs , sp e e d -c o n tro l d e v ice s , 
she lls , th ic k  c y lin d e rs , e la s tic  fo u n d a tio n  theory, d e ­
s ig n  o f p re ssu re  vesse ls , ro ta tin g  d isks , fits, e la s tic - 
p la s tic  d e s ig n , the rm a l s tresse s, c re e p  an d  re la xa ­
tion , im p a c t, in d e te rm in a te  an d  c u rv e d  bea m s, 
p la tes, c o n ta c t s tresses , ge a rs , a n d  ro lling  b e a rin g s .
IM D 6 7 2  E x p erim en ta l M eth o d s  In M ach in e  
D e s ig n  Fall. C re d it th re e  hou rs. O ne  re c ita tio n , tw o  
la b o ra to rie s . P re requ is ite : IM G 325  o r e q u iva len t.
R. M. Phelan.
In ve s tig a tio n  an d  e va lu a tio n  o f m e th o d s  u se d  to  o b ­
ta in  d e s ig n  a n d  p e rfo rm a n c e  data . T e ch n iq u e s  of 
p ho toe las tic ity , s tra in  m easu rem en t, pho to g ra p h y , 
v ib ra tio n  an d  soun d  m e asu rem en ts , a n d  d e v e lo p ­
m ent te c h n iq u e s  as  a p p lie d  to  m a ch in e  d e s ig n  
p ro b le m s .
IM D 6 8 0  D es ig n  o f C o m p lex  S y s te m s  Fall, on  
de m a n d . C re d it th re e  hours. Two m e e tin g s  o f tw o  
hou rs  a w eek. P re requ is ite : co n s e n t o f instructo r.
R. L. Wehe.
A se m in a r c o u rse  re ly in g  hea v ily  on  s tu d e n t p a r t ic ip a ­
tion  in d is c u s s in g  fro n tie r  p ro b le m s  su ch  as  sys tem s 
fo r s p a c e  a n d  u n d e rw a te r e x p lo ita tio n , sa lt w a te r 
co n ve rs io n , and  tra n sp o rta tio n . D e te rm in a tio n  of 
s p e c ific a tio n s  fo r  th e se  sys tem s to  m eet g ive n  needs. 
C ritica l d is c u s s io n  o f p o s s ib le  so lu tio n s  b a se d  on 
te c h n ic a l as w e ll as  e c o n o m ic  an d  soc ia l c o n s id e ra ­
tions. R e po rts  tha t se t fo rth  re c o m m e n d a tio n s  a n d  the  
re a so n in g  le a d in g  to  them  w ill be  re q u ire d .
IM D 690  S p ec ia l In v e s tig a tio n s  in M ech an ica l 
D esig n  E ither te rm . C re d it a rra n g e d . P re requ is ite : 
c o n se n t of s u p e rv is in g  p ro fessor.
In d iv id u a l w o rk  o r w o rk  in sm a ll g ro u p s  u n d e r g u i­
11 4  M ech an ica l a n d  A e ro s p a c e  E n g in eerin g
d a n c e  in th e  d e s ig n  an d  d e ve lo p m e n t o f a m a ch in e  
o r in th e  a n a lys is  o f e xp e rim e n ta l in ve s tig a tio n  o f a 
m a ch in e  o r c o m p o n e n t.
IM D 692  S p ec ia l Top ics in E n g in eerin g  D esig n
E ither te rm . C re d it o n e  hou r o r m ore. L e c tu re s  on  a 
to p ic  o f sp e c ia l in te rest. H ours  to  b e  a rra n g e d . P re­
requ is ite : c o n se n t o f instructor.
S e ries  o f le c tu re s  b y  s ta ff m e m b e rs  an d  v is itin g  s taff 
o n  s u b je c ts  o f cu rre n t in te rest. T op ics  w ill be  a n ­
n o u n ce d  b e fo re  th e  b e g in n in g  o f th e  te rm . M ore  than  
on e  to p ic  m ay b e  ta ke n  if o ffe red .
Mechanical Systems and Analysis
IM S 326  S y s te m s  D y n a m ic s  E ither te rm . C red it 
fo u r hou rs. Th ree  re c ita tio n s , on e  labora to ry . P re­
requ is ite : IM G 325.
C o n s id e ra tio n  o f th e  d y n a m ic  b e h a v io r o f sys tem s 
w ith  e m p h a s is  o n  m o d e lin g  an d  a n a lys is  te c h n iq u e s  
a n d  th e ir  a p p lic a tio n . D is c ip lin e -o rie n te d  to p ic s  in ­
c lu d e  a n a lo g - a n d  d ig ita l-c o m p u te r  s im u la tion ; fre ­
q u e n c y  a n d  tra n s ie n t re sp o n se  of lin e a r sys tem s, s c a ­
la r a n d  v e c to r-m a trix  m o d e ls , a n d  d y n a m ic  m eas­
u re m e n t o f p h ys ica l qu a n titie s . L a b o ra to r ie s  in c lu d e  
p h ys ica l e xp e rim e n ts , c o m p u te r s im u la tions , a n d  d e ­
s ig n  o f sys te m s  fo r s p e c ifie d  d y n a m ic  p e rfo rm ance . 
A p p lic a tio n s  a re  d raw n  ch ie fly  fro m  v ib ra tio n  a n d  
co n tro l sys tem s.
IM S 389  C o m p u te r-A id e d  D es ig n  Sp ring . C re d it 
th re e  hou rs. Two le c tu re -re c ita tio n s , on e  co m p u tin g  
labora to ry. O p e n  to  ju n io rs  a n d  sen io rs . Staff.
A  b ro a d  in tro d u c tio n  to  c o m p u ta tio n a l m e th o d s  in d e ­
s ig n . C o n s id e ra b le  p ra c tic a l e x p e rie n c e  in p ro ­
g ra m m in g  la rg e  an d  sm a ll d ig ita l co m p u te rs . In te ra c ­
t ive  c o m p u tin g . S e le c te d  a p p lic a tio n s  of n u m erica l 
m e th o d s  to  p ro b le m s  in m e ch a n ica l d e s ig n . C ase 
s tu d ie s  o r la rg e  p ro g ra m s  a n d  p ro b le m -o r ie n te d  la n ­
g u a g e s  fo r sys tem  s im u la tion , d e s ig n  o p tim iza tio n , 
c o m p u te r  g ra p h ic s . Term  p ro je c t.
IM S 677  M ech an ica l V ib ra tio n s  S p ring . C re d it 
th re e  hours. Two re c ita tio n s , o n e  labora to ry. O p e n  to 
q u a lif ie d  u n d e rg ra d u a te s . P re requ is ite : IM S 326 or 
e q u iva le n t. R. M. Phelan.
F u rthe r d e ve lo p m e n t o f v ib ra tio n  p h e n o m e n a  in 
s in g le -d e g re e  a n d  m u lt id e g re e  of fre e d o m  linea r and  
n o n lin e a r sys tem s, w ith  e m p h a s is  on  e n g in e e rin g  
p ro b le m s  in vo lv in g  a n a lys is  a n d  d e s ig n . A lso  g y ro ­
s c o p ic  e ffec ts , b ra n c h e d  sys tem s, ra n d o m  v ib ra tio n s , 
im p a c t a n d  tra n s ie n t p h e n o m e n a , iso la tion  o f sh o ck  
v ib ra tio n , a n d  no ise  an d  its re d u c tio n . Im p e d a n ce , 
m atrix , an d  n u m e rica l m e th o d s . A n a lo g - an d  d ig ita l-  
c o m p u te r  so lu tions  a n d  la b o ra to ry  s tud ie s .
IM S 678  A u to m a tic  C o n tro l S y s te m s  Fall. C re d it 
th re e  hours. Two re c ita tio n s , o n e  labora to ry. O p e n  to  
q u a lifie d  u n d e rg ra d u a te s . P re requ is ite : IM S 326 o r 
e q u iva le n t.
Furthe r d e ve lo p m e n t o f th e  th e o ry  a n d  im p le m e n ta ­
tion  o f fe e d b a c k  c o n tro l s ys te m s w ith  p a rt ic u la r  e m ­
p h a s is  on  th e  a p p lic a tio n  o f p s e u d o -d e riv a tiv e -  
fe e d b a c k  (PDF) c o n tro l c o n c e p ts  to  lin e a r a n d  non­
lin e a r sys tem s. A n a lo g -c o m p u te r  s im u la tio n  and 
la b o ra to ry  s tu d ie s  o f e le c tro m e c h a n ic a l, p n e u m a tic , 
a n d  h yd ra u lic  c o m p o n e n ts  a n d  sys tem s.
IM S 679  C o m p u te r  S im u la tio n  a n d  A n a ly s is  o f 
D y n am ic  S y s te m s  S p ring . C re d it th re e  hou rs.
T h re e  re c ita tio n s . O p e n  to  q u a lif ie d  u n d e rg ra d u a te s  
by  p e rm iss io n  o f ins truc to r. S o m e  in tro d u c to ry  a c ­
q u a in ta n c e  w ith  sys te m s  d y n a m ic s  a n d  d ig ita l p ro ­
g ra m m in g  a re a s  is assu m e d .
M o d e lin g  a n d  re p re se n ta tio n  o f p h y s ic a l s ys te m s  b y  
s ys te m s o f o rd in a ry  d iffe re n tia l e q u a tio n s  in v e c to r  
fo rm . A p p lic a tio n s  from  d iv e rs e  fie lds . S im u la tion  
d ia g ra m s . A n a lo g  an d  d ig ita l s im u la tio n  b y  d ire c t in ­
te g ra tio n . P ro b le m -o rie n te d  d ig ita l-s im u la tio n  la n ­
g u a g e s  (e .g ., C S M P ). D ig ita l a n a lys is  o f s ta b ility  and  
re sp o n se  o f la rg e  lin e a r sys tem s,
IM S 6 8 2  H y d ro d y n a m ic  L u b ric a tio n  S p ring . 
C re d it th re e  hou rs. T h re e  re c ita tions .
D e s ig n e d  to  a c q u a in t th o se  h a v in g  a  g e n e ra l k n o w l­
e d g e  o f so lid  a n d  flu id  m e c h a n ic s  w ith  th e  sp e c ia l 
p ro b le m s  a n d  lite ra tu re  cu rre n tly  o f in te res t in va rio u s  
fie ld s  o f h y d ro d y n a m ic  lu b ric a tio n . G ene ra l to p ic s  in­
c lu d e  e q u a tio n s  o f v is c o u s  f lo w  in th in  film s, se lf- 
a c t in g  a n d  e x te rn a lly  p re s s u r iz e d  b e a rin g s  w ith  liq u id  
a n d  g a s  lu b ric a n t film s, b e a rin g -s y s te m  d yn a m ics , 
a n d  d ig ita l a n d  a n a lo g  c o m p u te r  so lu tions . A lso , 
se le c te d  sp e c ia l to p ic s .
IM S 685  O p tim u m  D e s ig n  o f M ech an ica l  
S y s te m s  S p ring . C re d it th re e  hou rs . T h re e  re c ita ­
tions . D. L. Barte l.
T h e  fo rm u la tio n , as o p tim iza tio n  p ro b le m s , o f d e s ig n  
p ro b le m s  fre q u e n tly  e n c o u n te re d  in m e c h a n ic a l sys ­
tem s. E m p h a s is  is  on th e  c h o ic e  o f th e  d e s ig n  o b je c ­
t ive  fu n c tio n  a n d  th e  c o n s tra in ts . F in ite  a n d  in fin ite  
d im e n s io n a l d e s ig n  p ro b le m s . T h e o ry  an d  a p p lic a tio n  
o f m e th o d s  o f m a th e m a tica l p ro g ra m m in g  to  th e  so lu ­
tio n  o f o p tim u m  d e s ig n  p ro b le m s . E xa m p le s  w ill be  
d ra w n  fro m  th e  s tru c tu re s  a n d  m a ch in e  c o m p o n e n ts  
fre q u e n tly  e n co u n te re d  in m e ch a n ica l sys tem s.
IM S 690  S p ec ia l In v e s tig a tio n s  in M ec h a n ic a l 
S y s te m s  Either te rm . C re d it a rra n g e d . P e rm iss ion  
re q u ire d .
In d iv id u a l w o rk  o r w o rk  in sm a ll g ro u p s  u n d e r g u i­
d a n c e  in s tu d ie s  in a  s p e c ia l fie ld  o f m e c h a n ic a l sys­
tem s.
IM S 7 7 0  A d van ce d  M ec h a n ic a l A n a ly s is  Fall. 
C re d it th re e  hou rs. T h re e  re c ita tions .
A d v a n c e d  to p ic s  in m e c h a n ic a l d e s ig n . S e le c te d  
to p ic s  fro m  d e s ig n  o p tim iza tio n , fin ite -e le m e n t 
m e th o d s , d e s ig n  re liab ility , a d v a n c e d  k in e m a tics , sys ­
te m s  a na lys is , c o m p u te r -a id e d  d e s ig n , a d v a n c e d  
s tre n g th  o f m a te ria ls .
IM S 771 C o m p u ta tio n a l M e th o d s  o f M ech an ica l 
A n a ly s is  S p ring , o ffe re d  on  d e m a n d . C re d it th re e  
hou rs . P re re q u is ite : IM S761 o r e q u iva le n t. Staff. 
M o d e rn  c o m p u te r-b a s e d  m e th o d s  fo r  m e ch a n ica l 
d e s ig n  a n a ly s is  a s  a p p lie d  to  m o tion  a n a lys is  of lin k ­
a g e s , s tre ss -s tra in  a n d  lo a d  d e fle c tio n  a n a lys is  of 
m e ch a n ica l s tru c tu re s , p re ssu re -flo w  a n a lys is  o f b e a r­
in g  lu b ric a n t film  sys tem s. M e th o d s  in c lu d e  fin ite  
e le m e n ts , tra n s fe r  m a tr ice s , etc .
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Materials Processing
IM M 311 M ate ria ls  a n d  M a n u fac tu rin g  P ro c es ­
ses  (S am e as M a te ria ls  S c ie n ce  a n d  E n g ine e ring  
ITE337.) E ither te rm . C re d it th re e  hou rs. Two le c tu res , 
on e  labora to ry. M ay b e  taken  in a d d it io n  to ITE261. 
P re requ is ite : IAK221.
C o m p re h e n s io n  o f m a te ria l s tru c tu re s . P h ys ica l and  
m e ta llu rg ica l p ro p e rtie s  o f m a te ria ls , a n d  th e ir  con tro l 
b y  m e ch a n ica l a n d  m e ta llu rg ic a l m eans. C o n ve n ­
tio n a l a n d  u n co n ve n tio n a l m a n u fa c tu rin g  p ro ce sse s . 
E m pha s is  is p la c e d  o n  th e  a p p lic a tio n s  o f th e  kn o w l­
e d g e  le a rn e d  in c o re  c o u rs e s  an d  th e  co rre la tio n s  
am ong  d e s ig n , m a te ria l p ro p e rtie s , an d  p ro ce ss in g  
m e th ods.
IM M 612  A n a ly s is  o f M a n u fa c tu rin g  P ro c e s ­
ses  S p ring . C re d it th re e  hours. T hree  re c ita tio n s . 
P re requ is ite : IM M 311. K. K. W ang.
A n a ly tic a l tre a tm e n t o f th e  p ro c e s s e s  of m a te ria l re ­
m ova l a n d  p la s tic  d e fo rm a tio n , from  th e  in te rd is c ip li­
n a ry  v ie w p o in ts  o f m e ch a n ics , th e rm o d y n a m ic s , and  
m e ta llu rg y  E m pha s is  is p la c e d  e q u a lly  on  c o n v e n ­
tiona l and  u n co n ve n tio n a l p ro c e s s e s  in vo lv in g  u l­
tra so n ic , h ig h -e n e rg y  bea m , e le c tr ic -d is c h a rg e , an d  
e le c tro c h e m ic a l e n e rg y  so u rce s . A lso  e c o n o m ic  
a n a lys is  o f p ro d u c tio n -s y s te m  a n d  m a ch in e -to o l 
d yn a m ics .
IM M 613  A p p lied  M e ta llu rg y  (S am e as  M ate ria ls  
S c ie n ce  a n d  E n g in e e rin g  ITE447.) C re d it th re e  hours. 
T w o  le c tu res , on e  labora to ry. P re requ is ite : IM M 3 1 1 o r 
ITE261 o r p e rm iss io n  o f ins truc to r. W. W. C a rson . 
D e s ig n e d  to  a id  e n g in e e rs  a n d  m a te ria l s c ie n tis ts  in 
th e  d e s ig n , se le c tio n , a n d  use  of m e ta ls  a n d  a lloys. 
E m pha s is  on th e o ry  an d  p ra c t ic e  o f ex tra c tive , p h y s i­
ca l, an d  m e c h a n ic a l m eta llu rgy . A d d it io n a l to p ic s  in ­
c lu d e  co rro s io n  p r in c ip le s  a n d  co n tro l, m e ta llu rg ica l 
fa ilu re  a n a lys is  an d  p re ve n tio n , n o n d e s tru c tiv e  te s t­
ing , m e ta llu rg ica l exa m in a tio n  te ch n iq u e s , so ld e rin g , 
b ra z in g , w e ld in g , p o w d e r m eta llu rgy , a n d  c o m p u te r  
a p p lic a tio n s  to  m eta llu rgy.
IM M 614  N u m e rica l C o n tro l in M an u fac tu rin g
Fall. C re d it th re e  hou rs. T hree  re c ita tio n s . K. K. W ang. 
In tro d u c tio n  o f n u m e rica l c o n tro l te c h n o lo g y  in m an­
u fa c tu rin g . P rin c ip le s  of co n ve n tio n a l n u m e rica l c o n ­
tro l, a d a p tiv e  con tro l, an d  d ire c t c o m p u te r con tro l 
s ys te m s o f m a ch in e  too ls . M anua l a n d  co m p u te r- 
a id e d  p ro g ra m m in g  m e th o d s  fo r n u m e rica lly  c o n ­
tro lled  m ach in es . E co n o m ic  a s p e c ts  a n d  m a n u fa c tu r­
ing sys tem s in vo lv ing  n u m e rica l c o n tro l fa c ilit ie s .
IM M 690 S p ec ia l In v e s tig a tio n s  in M ate ria ls  
P ro c ess in g  E ither te rm . C re d it to  be  a rra n g e d . 
P e rm iss ion  re q u ire d  fo r re g is tra tio n .
In d e p e n d e n t s tu d y  o f se le c te d  to p ic s  c o n c e rn e d  w ith  
a n a ly tica l o r e xp e rim e n ta l in ve s tig a tio n  o f m a n u fa c tu r­
ing p ro ce sse s . D e s ign , m a n u fa c tu re , an d  te s t o f a 
m a ch in e  o r a c o m p o n e n t to  b e  u sed  fo r m a te ria ls  
p ro ce ss in g . T op ics  w ill in c lu d e  p ro d u c t io n  sys tem s, 
qu a lity  assu ra n ce , m etro logy, o r m a ch in e  too ls , in an- 
co rd a n c e  w ith  in d iv id u a l in te res ts . W ork w ill be  c a r­
rie d  ou t in d iv id u a lly  or, fo r re la tive ly  la rg e -s c a le  p ro j­
ec ts , in sm a ll g ro u p s .
Transportation
IM T 3 05  In tro d u ctio n  to  A e ro n a u tic s  Fall. C re d it 
th re e  hou rs. O p e n  to  u p p e rc la s s  e n g in e e rs  a n d  
o th e rs  b y  c o n se n t o f th e  ins truc to r. D. A. C aughey.
An in tro d u c tio n  to  a tm o s p h e r ic  flig h t v e h ic le s . P rin c i­
p le s  o f in c o m p re s s ib le  a n d  c o m p re s s ib le  
a e ro d yn a m ics , b o u n d a ry  layers , an d  w ing  theory. 
P ropu ls io n  sys tem s, in c lu d in g  a n a lys is  o f e n g in e  
typ e s , p ro p e lle rs , fans, a n d  roto rs. A irc ra ft p e rfo rm ­
ance : m a x im u m  sp e e d , ra te  o f c lim b , ra n g e  an d  e n ­
d u ra n ce , ta ke o ff a n d  la n d in g : tu rn in g  p e rfo rm a n ce ; 
m a n e u ve r a n d  g u s t lo ads; an d  e le m e n ts  o f s ta b ility  
a n d  con tro l.
IM T 4 86  A u to m o tiv e  E n g in e e rin g  S p rin g  C re d it 
th re e  hou rs. P re requ is ite : IM G 325.
S e le c te d  to p ic s  in th e  a n a lys is  an d  d e s ig n  o f ve h ic le  
c o m p o n e n ts  a n d  ve h ic le  sys tem s. E m p h a s is  is on  the  
a u to m o b ile , p a r tic u la r ly  w ith  re g a rd  to  p o w e rp la n t, 
d rive lin e , b rakes , su sp e n s io n , a n d  s tru c tu re . O the r 
ve h ic le  typ e s , in c lu d in g  ra p id  tra n s it a n d  re c re a tio n a l 
ve h ic le s , m ay b e  co n s id e re d .
[IM T 6 0 6  A e ro s p a c e  P ro p u ls io n  S y s te m s  S p ring , 
a lte rn a te  years . C re d it th re e  hou rs. T hree  re c ita tions . 
P re requ is ite : IM G 221, IM F323, o r c o n s e n t o f in s tru c ­
tor. D. G . S h e p h e rd . N o t o ffe re d  1 9 7 5 -7 6 .
A p p lic a tio n  o f th e rm o d y n a m ic s  a n d  flu id  m e c h a n ic s  
to  th e  d e s ig n  a n d  p e rfo rm a n c e  o f th e rm a l-je t and  
ro cke t e n g in e s  in the  a tm o sp h e re  an d  in s p a c e . M is ­
s io n  a n a lys is  in s p a c e  a s  it a ffe c ts  th e  p ro p u ls io n  sys ­
tem . C o n s id e ra tio n  o f a u x ilia ry  p o w e r su p p ly ; s tu d y  of 
a d v a n c e d  m e th o d s  o f s p a c e  p ro p u ls io n .]
IM T 6 0 7  D y n a m ic s  o f F lig h t V eh ic les  S p ring . 
C re d it th re e  hou rs. P re requ is ite : IAK231 a n d  IM T305, 
o r co n s e n t o f in s truc to r. D. A. C aughey.
IM T 6 8 7  D y n am ic s  o f V eh ic les  Fall. C re d it th re e  
hou rs . P re re q u is ite s : IAK221 a n d  IAK231 o r e q u iv a ­
len ts, an d  c o n s e n t o f instructo r.
In te n d e d  as an  in tro d u c tio n  to  th e  d y n a m ic s  o f a u ­
to m o b ile s  a n d  tru c k s . E m p h a s is  is on  the  h a n d lin g  
b e h a v io r o f th e  a u to m o b ile . T ire  th e o ry  a n d  s u s p e n ­
s io n  a na lys is . A lso , a rtic u la te d  ve h ic le  h a n d lin g , 
m o to rc y c le  d yn a m ics , a n d  ve h ic le  safety.
Biomechanics
IM B 665 B io m ech an ic a l S y s te m s  —  A n a ly s is  and  
D esig n  S p ring . C re d it th re e  hou rs. T h re e  re c ita ­
tions . P re re q u is ite s : IAK221, IAK231. D. L. B arte l. 
S e le c te d  to p ic s  from  th e  s tu d y  o f th e  hum an  b o d y  as 
a m e c h a n ic a l sys tem . E m p h a s is  on  th e  m o d e lin g , 
a n a lys is , a n d  d e s ig n  o f b io m e c h a n ic a l sys te m s  fre ­
q u e n tly  e n co u n te re d  in o r th o p e d ic  s u rg e ry  a n d  p h ys ­
ica l re h ab ilita tio n . In ve s tig a tio n  o f no rm a l a n d  im ­
p a ire d  b io m e c h a n ic a l sys tem s . A n a lys is  a n d .d e s ig n  
o f a ss is tive  (o rth o tic ) a n d  re p la c e m e n t (p ro s th e tic ) 
d e v ic e s  fo r im p a ire d  b io m e c h a n ic a l sys tem s.
A n a lys is  a n d  d e s ig n  o f m a n /m a ch in e  sys te m s u se d  in 
o r th o p e d ic  s u rg e ry  a n d  p h ys ica l re h a b ilita tio n .
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IM B 690  S p ec ia l In v e s tig a tio n s  in B io m e c h a n ic a l 
S y ste m s . E ither te rm . C re d it a rra n g e d . D. L. B a rte l. 
In d e p e n d e n t s tu d y  o f c u rre n t p ro b le m s  in vo lv in g  th e  
a n a lys is  an d  d e s ig n  of b io m e c h a n ic a l sys tem s. In 
m o s t ca s e s  th e  in ve s tig a tio n s  w ill in vo lve  c o lla b o ra ­
tio n  w ith  p e rso n n e l fro m  m e d ic a l fa c ilit ie s . W ork w ill 
b e  c a rr ie d  ou t in d iv id u a lly  or, fo r re la tive ly  la rg e -s c a le  
p ro je c ts , in sm a ll g ro u p s .
Aerospace Engineering
IM A 602 T h e o re tica l A e ro d y n a m ic s  I Fall. C re d it 
th re e  hou rs . P re requ is ite : IM F 6 3 2 -6 3 3  o r e q u iva le n t. 
In te n d e d  fo r g ra d u a te  s tu d e n ts  in te re s te d  in flu id  
d y n a m ic s  o r a e ro d y n a m ic s  re se a rch . A. R. G eo rge . 
L a p la c e 's  eq u a tio n . S o u rce , s ink, an d  d o u b le t. Vor­
t ice s . B io t-S ava rt theo rem , th e  f lo w  fie ld  o f a vo rtex . 
S p h e rica l an d  c y lin d r ic a l ha rm o n ics . M e th o d s  of s in ­
g u la r ity  d is tr ib u tio n s . C o m p le x -va ria b le  m e th ods.
W ing  theory. A co u s tic s . C o m p re s s ib le  flow s, s u b ­
so n ic  a n d  s u p e rso n ic . S h o ck  w a ves. F lyp e rso n ic  flow. 
R o ta tiona l flow s. M a g n e to h yd ro d yn a m ics . F low  in th e  
b o u n d a ry  layer, P rand tl theory. H e a t tran s fe r; s e p a ra ­
tion .
IM A 603  T h e o re tica l A e ro d y n a m ic s  II S p ring . 
C re d it th re e  hou rs. P re requ is ite : IM F 6 3 2 -6 3 3  o r 
e q u iva le n t. D. A . C aughey.
B a s ic  equ a tio n s ; fu n d a m e n ta l th e o re m s; no rm a l 
sh o ck  w a ve s . L inea r a n d  n o n lin e a r sm a ll-d is tu rb a n c e  
e q u a tio n s . L in e a rize d  th e o ry  o f tw o -d im e n s io n a l an d  
a x isym m e tric  flow s; th re e -d im e n s io n a l w in g s ; s u p e r­
so n ic  a rea -ru le . E xa c t theo ries ; o b liq u e  s h o c k  w a ves  
an d  sh o c k  w a ve  in te ra c tio n s ; m e th o d  o f c h a ra c te r is ­
t ic s ; co n ic a l flow s; h o d o g ra p h  tra n s fo rm a tio n . Im ­
p ro ve m e n ts  in th e  lih e a rize d  theo ry ; th ic k n e s s  and  
M ach  nu m b e r e xp a n s io n s ; s e c o n d -o rd e r s u p e rs o n ic  
f low ; so n ic  b o o m  theo ry ; s h o c k  w a ve  in te rac tion s . 
T ra n so n ic  flow ; fu n d a m e n ta l e q u a tio n  an d  s im ilitu d e s ; 
tra n so n ic  a rea-ru le ; n ozz le  flow s; a irfo il d e s ig n .
IM A 6 1 1 P h ys ic s  o f F lu id s  I Fall. C re d it th re e  
hou rs. Th is  c o u rse  m a y 'b e  taken  b y  itself, o r m a y  be  
fo llo w e d  b y  IM A 612. F C. G ou ld in .
F un d a m e n ta l tre a tm e n t o f flu id  p ro p e rtie s , p r im a rily  
fro m  a  m ic ro s c o p ic  v ie w p o in t, p ro v id in g  an  u n d e r­
s ta n d in g  n e c e s s a ry  fo r  a d v a n c e d  s tu d y  o f c o m b u s ­
tion , a ir p o llu tio n , g a s  d yn a m ics , an d  re la te d  areas. 
K in e tic  th e o ry  o f ga se s ; B G K  m o d e l eq u a tio n , tra n s ­
port c o e ffic ie n ts , m ean  free  p a th , c o n s e rv a tio n  e q u a ­
tions . C h e m ica l k in e tic s  a n d  ch e m ic a l th e r­
m o d yn a m ics . S ta tis tica l m e c h a n ic s  o f n o n in te ra c tin g  
p a rtic le s : Ferm i-D irac , B ose -E ins te in , an d  M axw e ll- 
B o ltzm an n  s ta tis tics , p a rtit io n  fu n c tio n s , s p e c if ic  hea t 
o f g a se s . Q u a n tu m  m e ch a n ics : a to m ic  s tru c tu re , ro ta ­
t iona l a n d  v ib ra tio n a l e n e rg y  leve ls . A t th e  le ve l o f In ­
t ro d u c tio n  to  P h y s ic a l G as D yn a m ics  b y  V in ce n ti and  
K ruger, a n d  The D y n a m ics  o f  R ea l G a se s  b y  C la rke  
a n d  M cC hesney.
IM A 612 P h ys ic s  o f  F lu id s  II S p rin g , on  d e m and . 
C re d it th re e  hours.
M o le cu la r s tru c tu re : b o n d in g  theory, h ea ts  o f re a c ­
tion . A to m ic  a n d  m o le cu la r s p e c tro s c o p y ; a p p lic a ­
t io n s  to  po llu tio n . N o n e q u ilib riu m  s ta tis tica l 
m e ch a n ics : B o ltzm a n n  e q u a tio n , H -theo rem , rev iew
o f H ilb e rt-E n s k o g -C h a p m a n  theory, f lu c tu a tio n s , O n- 
s a g e r's  re la tio ns . R a d ia tive  tran s fe r; lase rs . A t th e  
leve l o f The D y n a m ic s  o f  R e a l G ases  b y  C la rke  an d  
M cC hesney, a n d  E le m e n ta ry  S ta tis t ica l P h ys ics  by  
Kitte l.
IM A 613  G a s d y n a m ic s  S p ring , on  d e m a n d . C re d it 
th re e  hou rs. E. L. Resler, Jr.
S trong s h o c k  w a ve s  a n d  th e ir  use  in th e  p ro d u c t io n  
a n d  s tu d y  o f h ig h -te m p e ra tu re  g a se s . H ig h - 
te m p e ra tu re  c h e m ic a l k in e tic s  an d  its  a p p lic a tio n  to  
h y p e rs o n ic  e x te rn a l flow s, ro cke t in te rna l flow s, a n d  
o th e r p h e n o m e n a o f cu rre n t in te res t. C h e m ica l re la xa ­
tion  e ffe c ts  o f f lo w  f ie ld s  a n d  th e  m e th o d  o f c h a ra c ­
te r is tic s  in c lu d in g  c h e m ic a l re a c tio n s . E xp e rim e n ta l 
te c h n iq u e s .
IM A 621 In tro d u c to ry  P lasm a P h ys ic s  (E q u iva ­
le n t to  E le c trica l E n g in e e rin g  IE E 68 1 .) Fall, a lte rn a te  
years . C re d it th re e  hours.
In te n d e d  to  b e  a  f irs t c o u rs e  in p la s m a  p h y s ic s  and  
in c lu d e s : p la s m a  s ta te , p a r t ic le  o rb its  in e le c tr ic  an d  
m a g n e tic  fie ld s , a d ia b a t ic  in va rian ts , C o u lo m b  s c a t­
te rin g , tra n s p o rt p h e n o m e n a , p la s m a  o s c illa tio n s  an d  
w a ve s , h y d ro m a g n e tic  e q u a tio n s , e n e rg y  p r in c ip le  
a n d  in s ta b ilitie s , a p p lic a tio n s  to  la b o ra to ry  a n d  s p a c e  
p la sm a s , in tro d u c tio n  to  c o n tro lle d  th e rm o n u c le a r re ­
se a rch . A t th e  leve l o f E le m e n ta ry  P lasm a  P h ys ics  b y  
Lo n g m ire .
IM A 622  In tro d u c to ry  M a g n e to h y d ro d y n a m ic s
S p rin g , o n  d e m a n d . C re d it th re e  hours.
B a s ic  e q u a tio n s  o f m a g n e to h y d ro d y n a m ic s . F low  
p ro b le m s . H y d ro m a g n e tic  sh o c k  w a ve s . The  p in ch  
e ffe c t a n d  Ins tab ilit ies . Tensor c o n d u c tiv ity  an d  e x ­
c e s s  e le c tro n  te m p e ra tu re .
IM A 7 0 4  T h e o ry  o f V is c o u s  F lo w s  S p ring  C re d it 
th re e  hou rs. P re re q u is ite : IM G 6 3 2  o r e q u iva le n t.
S. F S hen.
A  sys te m a tic  s tu d y  o f la m in a r flo w  p h e n o m e n a  and  
th e ir  m e th o d s  o f a na lys is , v o r tic ity  d iffu s io n  an d  flow  
d e v e lo p m e n t. L in e a r a n d  n o n lin e a r e x a c t so lu tio n s  o f 
th e  N a v ie r-S to ke s  e q u a tio n s . L in e a rize d  theo ry ; v is ­
c o u s  a c o u s tic s , th e  sm a ll R e yn o ld s  n u m b e r a p p ro x i­
m a tion . M a tc h e d  a s y m p to tic  e xp a n s io n . T he  b o u n d ­
a ry  la ye r e q u a tio n  a n d  its  g e n e ra l p ro p e rtie s . S ingu la r 
s o lu tio n  a n d  th e  s e p a ra tio n  po in t. T rans fo rm a tio ns  fo r 
c o m p re s s ib ility  a n d  a x isym m e tric  e ffe c ts . S im ila r so l­
u tion s ; a p p ro x im a te  m e th o d s  o f ca lcu la tio n . Three- 
d im e n s io n a l an d  u n s te a d y  p ro b le m s . S ta b ility  o f 
la m in a r flow s.
IM A 7 0 6  A tm o s p h e ric  M o tio n s  O n d e m a n d .
C re d it th re e  hours.
O n e -se m e s te r s e n io r o r g ra d u a te  leve l co u rse , e m ­
p h a s iz in g  a  m a th e m a tica l a n d  p h y s ic a l u n d e rs ta n d ­
in g  o f s y n o p tic  s c a le  m otions . T he  a tm o sp h e re ; b a s ic  
s ca le s  o f s y n o p tic  m otions ; th e rm o d y n a m ic s . E q u a ­
tio n s  o f m otion ; ro ta tin g  a n d  s p h e ric a l c o o rd in a te s . 
G e o s tro p h ic  flow, th e  R o ssb y  num ber, h y d ro s ta tic  
a p p ro x im a tio n , is o b a r ic  co o rd in a te s , b a la n c e d  m o ­
tions , th e rm a l w in d , p ro g n o s tic  e q u a tio n s . C ircu la tio n  
a n d  v o rtic ity ; E rte l’ s  th e o re m  a n d  p o te n tia l vo rtic ity . 
P la n e ta ry  b o u n d a ry  layer; R e yn o ld s  s tress , E km an 
layer. D ia g n o s tic  e q u a tio n s ; b a ro c lin ic  m otions . 
S ound , grav ity , an d  R o ssb y  w a ve s . A n a ly tic a l and
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n u m e rica l m ode ls , f ilte re d  e q u a tio n s , b a ro c lin ic  
m ode l, p r im itive  equ a tio n s , C yc lo g e n e s is ; fro n ts  an d  
fro n to g e n e s is . G e ne ra l c irc u la tio n , e n e rg y  and  
m om e n tu m , n u m e rica l s im u la tion .
IM A 7 0 7  A e ro d y n a m ic  N o ise  T h e o ry  S p ring , on 
d em and . C re d it th re e  hou rs. P re requ is ite ; 
b a c k g ro u n d  in a c o u s tic s  an d  flu id  d y n a m ic s  e q u iv a ­
lent to  IM F339 a n d  IM F 6 3 2 -6 3 3  o r c o n se n t of 
instructor.
A d v a n c e d  to p ic s  in a c o u s tic s  re le va n t to  a e ro ­
d yn a m ic  a n d  tra n sp o rta tio n  no ise  so u rce s  an d  contro l. 
M e a su rem en ts  an d  a n n o y a n c e  sca les . R andom  
p ro ce sse s . G e o m e tr ica l a c o u s tic s  in in h o m o g e n e o u s  
m ov ing  m ed ia , K irch h o ff a n d  P o isson  fo rm u las , d if­
f ra c tio n , sca tte r in g . L ig h th ill-C u rle  fo rm u la tio n s  fo r 
s o u n d  g e n e ra tion . M ov ing  s o u rce s . Je t, rotor, and  
b o u n d a ry  la ye r no ise . A b s o rp tio n  a n d  tra n sm iss io n  in 
f lu id  a n d  a t b o u n d a rie s .
IM A 7 2 3  S p ecia l Top ics in P lasm a P h y s ic s  Fall, 
a lte rn a te  yea rs  on  su ffic ien t d e m a n d ; s c h e d u le d  fo r 
fa ll 1975. C re d it th re e  hours. P re requ is ite : IM A621 or 
e q u iva len t.
A d v a n c e d  s u b je c ts  of tim e ly  in te res t, a t th e  leve l of 
cu rre n t p la sm a  p h ys ics  lite ra tu re  o r re v ie w  a rtic les . 
R e cen t to p ic s  have  in c lu d e d  ra d ia tio n  a n d  s ca tte r in g  
p ro ce sse s  in p la sm a s , n e o c la s s ic a l tra n s p o rt theory, 
in te n se  re la tiv is tic  e le c tro n  b e a m  d y n a m ic s , and  
co llis io n -fre e  sh o c k  theory.
IM A 792  S e m in ar in A e ro s p a c e  E n g in eerin g
C re d it tw o  hours. P re requ is ite : a p p ro v a l o f th e  d ire c ­
tor.
S tudy  an d  d is c u s s io n  of to p ic s  of cu rre n t re se a rch  in ­
te re s t in a e ro s p a c e  e n g in e e rin g .
IM A 793  P lasm a P h y s ic s  C o llo q u iu m  Fall an d  
sp rin g . C re d it one  hour.
L e c tu re s  b y  s ta ff m e m b e rs , g ra d u a te  s tu d e n ts , and  
v is itin g  sc ie n tis ts  on  to p ic s  o f cu rre n t in te res t in 
p la sm a  resea rch .
IM A 795  S p ecia l Top ics in A e ro s p a c e  E n g in eerin g
E ither te rm . C re d it a rra n g e d . P re requ is ite : co n se n t of 
instructor.
T op ics  of cu rre n t im p o rta n c e  in a e ro s p a c e  e n g in e e r­
ing  and  resea rch . L e c tu re  o r se m in a r fo rm at. M ore  
than  o n e  to p ic  m a y  b e  taken  if o ffe red .
IM A 8 9 0 -9 9 0  R e search  in A e ro s p a c e  E n g in eerin g
P re requ is ite : a d m iss io n  to  th e  g ra d u a te  F ie ld  of 
A e ro s p a c e  E n g in e e rin g  a n d /o r  a p p ro va l o f th e  
d irector.
In d e p e n d e n t re se a rch  in a  fie ld  o f a e ro s p a c e  s c i­
ence . S u ch  re se a rch  m ust b e  u n d e r the  g u id a n c e  of 
a m e m b e r o f th e  s ta ff a n d  m ust b e  of a sc ie n tific  
charac te r.
Fluid Mechanics
IM F 323  F lu id  M ec h a n ic s  Either te rm . C re d it fou r 
hours. Four re c ita tions . P re re q u is ite s : IAK231 an d  
IM G 2 2 1 .
P rope rties  o f flu ids , flu id  s ta tics ; k in e m a tics  o f flow, 
e le m e n ts  of h y d ro d y n a m ic s ; d y n a m ic s  o f flow,
m om e n tu m  an d  e n e rg y  re la tio ns . E u ler equ a tio n s , 
w a ve  m o tion ; th e rm o d y n a m ic s  o f flow ; s h o cks  an d  
g a s  d yn a m ics ; d im e n s io n a l an a lys is ; real flu id  
p h e n o m e n a , la m in a r a n d  tu rb u le n t m otion ; c o m p re s ­
s ib le  flow  in d u c ts  w ith  a re a  ch a n g e , fric tio n , a n d  
he a tin g ; la m in a r a n d  tu rb u le n t layer, lift a n d  d ra g ; 
s u p e rs o n ic  flow.
IM F 4 3 9  A c o u s tic s  a n d  N o ise  O n d e m a n d . C re d it 
th re e  hou rs. P re requ is ite : so m e  k n o w le d g e  o f flu id  
m e c h a n ic s  o r c o n s e n t o f instructo r.
V ib ra tio n  a n d  w a ve  m otion . P lane soun d  w aves: 
tra n sm iss io n  a n d  a b s o rp tio n . S p h e rica l w a ve s  and  
s o u n d  ra d ia tio n  b y  s u rfa ce s  a n d  flow. L o u d sp e a ke rs . 
H e a rin g , noise, a n d  no ise  c o n tro l c r ite ria . A rc h ite c ­
tu ra l a c o u s tic s  a n d  no ise  co n tro l te ch n iq u e s . A t the  
leve l o f F u n d a m e n ta ls  o f  A c o u s tic s  b y  K in s le r an d  
Frey.
IM F 6 3 2  F lu id  M e c h a n ic s  I Fall. C re d it th re e  
hou rs. P re requ is ite : an  e le m e n ta ry  c o u rse  in flu id  
m e c h a n ic s  o r c o n se n t o f ins truc to r. S. L e ib o v ich . 
In tro d u c tio n  to  th e  m e c h a n ic s  of flu ids . A n a lys is  of 
s tre ss  a n d  d e fo rm a tio n  in flu ids , d e riva tio n  of the  
N a v ie r-S to kes  e q u a tio n s  fo r in c o m p re s s ib le  flu ids. 
B o u n d a ry  co n d it io n s . E xa c t so lu tions . V o rtic ity  
th e o re m s. Irro ta tiona l flow s, m e th o d  o f im age s , d is ­
tr ib u tio n s  o f s in g u la ritie s , c o m p le x  v a r ia b le  
te c h n iq u e s , a x ia lly -sym m e tr ic  flow s. E ffe c ts  o f ro ta ­
tion , the  g e o s tro p h ic  a p p ro x im a tio n , E km an  layers . 
B o u n d a ry  la ye r theory, e x a c t m e th o d s  o f so lu tion  of 
th e  b o u n d a ry  la ye r eq u a tio n s .
IM F 6 3 3  F lu id  M e c h a n ic s  II S p ring . C re d it th re e  
hou rs. P re re q u is ite : an  e le m e n ta ry  c o u rs e  in flu id  
m e c h a n ic s  o r co n s e n t o f ins truc to r. S. L e ib o v ich . 
A p p ro x im a te  m e th o d s  in b o u n d a ry  la ye r theory. H eat 
transfer. B u o ya n cy  d riven  flow s. S ta b ility  o f flu id  flow, 
K e lv in -H e lm h o ltz  instab ility , R a y le ig h 's  s ta b ility  
th e o re m s, O rr-S o m m e rfe ld  e q u a tio n s , n o n lin e a r s ta ­
b ility  b y  th e  e n e rg y  m e th od . In tro d u c tio n  to  tu rb u le n t 
flow s, th e  R e yn o ld s  equ a tio n s , tu rb u le n t sca le s , tu r­
b u le n c e  m o d e ls . D yn a m ics  o f c o m p re s s ib le  flow s, 
th e rm o d y n a m ic s  a n d  th e  N a v ie r-S to kes  e q u a tio n s  
e q u a tio n s  fo r a g a s . S o und  w a ves. S u b s o n ic  an d  
su p e rs o n ic  flow. O ne  d im e n s io n a l s te a d y  flow s, n o z ­
z le  flow s, F anno  a n d  R a y le ig h  p ro ce sse s . O n e  d i­
m en s io n a l u n s te a d y  flow s, m e th o d  o f ch a ra c te r is t ic s , 
s h o c k  w aves.
IM F 6 36  T u rb o m a c h in e ry  Fall. C re d it th re e  hours. 
T h re e  re c ita tio n s . P re requ is ite : IM G 221, IM F323 , or 
co n s e n t o f in s truc to r. D. G. S h e p h e rd . 
A e ro th e rm o d y n a m ic  d e s ig n  o f tu rb o m a c h in e s  in g e n ­
era l, fo llo w e d  b y  co n s id e ra tio n  o f s p e c ific  typ e s : fans, 
c o m p re s s o rs , an d  p u m p s ; s team , gas , a n d  h yd ra u lic  
tu rb in e s . E n e rg y  tra n s fe r be tw e e n  a  flu id  a n d  a ro to r; 
flow  in ch a n n e ls  a n d  ove r b la d e s . C o m p re s s ib le  flow, 
th re e -d im e n s io n a l e ffe c ts , su rg in g  an d  ca v ita tio n . 
O u tlin e  d e s ig n  o f a h ig h -p e rfo rm a n c e  c o m p re s s o r-  
tu rb in e  unit.
IM F 6 9 0  S p ec ia l In v e s tig a tio n s  in F lu id  
D y n a m ic s  Fall a n d  sp rin g . C re d it a rra n g e d . P e r­
m iss ion  re q u ire d  fo r re g is tra tio n .
In te n d e d  e ith e r  fo r in fo rm a l in s tru c tio n  o f a sm all
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n u m b e r of s tu d e n ts  in te re s te d  in w o rk  to  s u p p le m e n t 
tha t g ive n  in re g u la r co u rse s  o r fo r a s tu d e n t w ish in g  
to  p u rsu e  a p a rtic u la r  in ve s tig a tio n  o u ts id e  o f re g u la r 
cou rses .
IM F 7 34  Tu rb u len ce  and  T u rb u len t F lo w  Fall, on  
d e m a n d . C re d it th re e  hours.
The s tru c tu re  o f tu rb u le n c e  a n d  m e th o d s  o f c a lc u la t­
in g  tu rb u le n t flow s. T op ics  w ill in c lu d e  m a th e m a tica l 
d e s c r ip tio n s  o f tu rb u le n c e  a n d  e xp e rim e n ta l m e a s ­
u rem en t te h n iq u e s ; R e yno ld s  s tress , e d d y  v is c o s ity  
an d  m ix in g  le ng th ; s tru c tu re  o f tu rb u le n ce , in c lu d in g  
h o m o g e n e o u s  iso tro p ic  tu rb u le n ce , c o rre la tio n s  and  
sp e c tra , inertia l a n d  d is s ip a tio n  ra n g e s , e ffe c ts  of 
sh e a r a n d  buoyancy, e n e rg y  b u d g e t; re ce n t d e ­
ve lo p m e n ts  in tu rb u le n t flow  c a lc u la tio n  m e th ods .
IM F 7 35  D y n am ic s  o f R o ta tin g  F lu id s  Fall, on 
dem and . C re d it th re e  hou rs . T hree  le c tu res . 
P re requ is ites ; IM F312  an d  IA A 68 2  o r co n se n t o f in­
s tructor.
R eview  o f c la s s ic a l flu id  m e ch a n ics . R o ta tin g  c o o rd i­
na te  sys tem s. L in e a rize d  th e o ry  fo r  ra p id ly  ro ta ting  
flu ids . In v isc id  reg io ns , v is c o u s  layers. La rg e - 
a m p litu d e  s te a d y  m o tio n s  pas t ob je c ts . U n s te a d y  m o­
tions. S m a ll a m p litu d e  an d  n o n lin ea r w a ve s  in ro ta tin g  
flu ids . "Vortex b re a k d o w n " in to rn a d o e s  a n d  o th e r 
s w ir lin g  flow s. T h e o rie s  o f vo rte x  b re a kd o w n . B o u n d ­
a ry  la ye r in te rac tion s . S p in -u p  o f flu id s  in  ro ta tin g  c o n ­
ta ine rs . A  th e o re tica l c o u rs e  d e s ig n e d  fo r e n g in e e rs  
a n d  sc ie n tis ts  in te re s te d  in su ch  a p p lic a tio n s  as flu id  
m otions  in ro ta tin g  co n ta in e rs , g e o p h y s ic a l flu id  
m e ch a n ics , e n e rg y  a n d  m ass s e p a ra tio n  in vo rte x  
tu b e s , e tc . S o m e s im p le  la b o ra to ry  d e m o n s tra tio n s  o f 
fu n d a m e n ta l p h e n o m e n a  are  in c lu d e d .
IM F 7 37  N u m e rica l M e th o d s  in F lu id  F low  and  
Heat T ran s fe r S p ring . C re d it th re e  hou rs . T hree  
re c ita tions . P re requ is ites : fa m ilia rity  w ith  th e  partia l 
d iffe re n tia l e q u a tio n s  o f flu id  m e c h a n ic s  an d  bas ic  
FO RTR AN p ro g ra m m in g . K. E. Torrance. 
F in ite -d iffe re n ce  a n d  f in ite -e le m e n t m e th o d s  a re  d e ­
v e lo p e d  fo r so lv ing  m u ltid im e n s io n a l flu id  flo w  an d  
hea t tra n s fe r p ro b le m s. B as ic  p r in c ip le s  a re  s tre sse d  
th ro u g h o u t, e n a b lin g  th e  m e th o d s  to  b e  e x te n d e d  to  
a w id e  ra n g e  o f p h ys ica l p ro b le m s  in vo lv in g  c o n v e c ­
tive  a n d  d iffu s ive  tra n sp o rt. P h ys ica l a n d  n u m e rica l 
re s tra in ts  im p o s e d  on  tra n s ie n ts  an d  s te a d y  sta te  
n u m e rica l so lu tio n s  a re  d e te rm in e d . R e cen t m e th o d s  
a re  su rve ye d  a n d  co m p a re d . S e le c te d  e x a m p le s  il­
lu s tra te  a p p lic a tio n s  in vo lv in g  na tu ra l co n ve c tio n , flow  
o ve r o b je c ts  an d  w ith in  ch a n n e ls , p la n e ta ry  a tm o s­
p h e re s  an d  in te rio rs , and  flam e s p re a d . A s s ig n e d  
p ro b le m s  a n d  th e  fina l e xa m in a tio n  re q u ire  so lu tion  of 
flu id  flo w  p ro b le m s  o n  a  d ig ita l com pute r.
IM F 7 3 8  N o n lin ear W ave P ro p ag atio n  S p ring , on 
d e m a n d . C re d it th re e  hou rs. T h re e  le c tu re s . P re­
re q u is ite : an a c q u a in ta n c e  w ith  th e  Fou rie r tra n s fo r­
m ation  and  in te g ra tio n  in th e  c o m p le x  p lane. 
E m pha s is  is on  m a th e m a tica l tre a tm e n t o f n o n lin ea r 
e ffe c ts  a sso c ia te d  w ith  w a ve s  in co n tin u a . The  e xa m ­
p le s  m os t co m p le te ly  tre a te d  w ill b e  ta ke n  from  
g e o p h y s ic a l flu id  d y n a m ic s  a n d  g a s  d yn a m ics . E q u a ­
tio n s  a r is in g  in o th e r fie lds , s u c h  as  n o n lin e a r o p tic s , 
w ill a ls o  b e  c o n s id e re d  b u t in less de ta il. Top ics: 
Fou rie r a n a lys is  o f lin e a r w aves, p h a se  an d  g ro u p
ve loc ity , d isp e rs io n , e n e rg y  p ro p a g a tio n , c a u s tic s , 
k in e m a tic  w a ves. N o n lin e a r h y p e rb o lic  sys tem s  
c h a ra c te r is t ic s , s h o c k  w a ve s , e n e rg y  d iss ip a tio n . 
B u rg e r ’s  e q u a tio n  a n d  its  so lu tion . C o n se rva tive  d is ­
p e rs iv e  sys tem s. E xa c t so lu tio n s  fo r  th e  K o rte w e g -d e  
V ries e q u a tio n  a n d  o th e r re la te d  n o n lin e a r evo lu tio n  
e q u a tio n s . N o n lin e a r W K B  a p p ro x im a tio n . V a ria tiona l 
p r in c ip le s  and  F lam ilton ian  e q u a tio n s  fo r n o n lin ea r 
d is p e rs iv e  w aves. C o n se rva tio n  o f w a v e  ac tio n . N o n ­
lin e a r g ro u p  ve loc ity , resonan t w a ve  in te ra c tio n s , a n d  
in s ta b ility  o f d e e p  w a te r w aves.
Heat Transfer
IM H 324  H eat T ran s fer a n d  T ran s p o rt P ro c esses
E ither te rm . C re d it th re e  hou rs. O ne le c tu re , tw o  re c i­
ta tions . P re re q u is ite s : IM G 221, IM F323.
C o n d u c tio n  o f hea t in  s te a d y -s ta te , u n s te a d y -s ta te  
a n d  p e r io d ic  hea t flow ; a n a lo g ic  m e th o d s ; n um erica l 
m e th o d s ; fin  su rfa ce s ; sys te m s  w ith  hea t sou rces . 
C o n ve c tio n ; b o u n d a ry  la ye r fu n d a m e n ta ls ; na tu ra l 
c o n v e c tio n ; fo rc e d  c o n v e c tio n  in s id e  tu b e s  an d  
d u c ts ; fo rc e d  c o n v e c tio n  ove r va rio u s  su rfa ce s . B o il­
in g  a n d  c o n d e n sa tio n . R ad ia tion : e m iss io n , a b s o rp ­
tion , re fle c tio n , tra n sm iss io n , an d  e x c h a n g e s . R a d ia ­
tion  c o m b in e d  w ith  c o n d u c tio n  a n d  c o n v e c tio n . H eat 
e x ch a n g e rs ; o ve ra ll hea t tra n s fe r  co e ffic ie n ts ; m ean - 
te m p e ra tu re  d iffe re n ce ; e ffe c tive n e ss ; d e s ig n .
IM H 6 5 0  T ra n s p o rt P ro c e s s e s  I Fall. C re d it th re e  
hou rs. T hree  re c ita tio n s . P re re q u is ite s : b a s ic  th e r­
m o d y n a m ic s  an d  f lu id  m e ch a n ics .
D e s c rip tio n  o f m o d e s  o f th e rm a l a n d  m a ss  d iffus io n  
a n d  tra n sp o rt. F o rm u la tio n  o f th e  tra n s p o rt e q u a tio n s  
a n d  th e ir  use  in e n g in e e r in g  an d  in e n v iro n m e n ta l 
s tud ie s . C o n d u c tio n  an d  m a ss  d iffu s io n  in so lid  m a te ­
ria ls . The rm a l ra d ia tio n  e x c h a n g e  a m o n g  a sse m b lie s  
o f ra d ia tin g  b o d ie s  a n d  a s  a d iffu s io n  p ro ce ss . N a tu re  
o f n o n o p a q u e  ra d ia tio n  in te ra c tio n . E n e rg y  an d  m ass 
d iffu s io n  b y  m o le c u la r  a n d  tu rb u le n t p ro c e s s e s  in 
co n ve c tio n . R e g im e s  o f tra n sp o rt. C o n s id e ra tio n  of 
c o n v e c tio n  re su ltin g  fro m  b u o y a n c y  fo rc e s  an d  from  
o th e r fo rc in g  c o n d it io n s  in f lu id s . Various a s p e c ts  
o f b u o y a n c y - in d u c e d  f lo w s  e m p h a s iz e d  in re la tio n  
to  a p p lica tio n s .
IM H 651 T ran s p o rt P ro c e s s e s  II S p rin g . C re d it 
th re e  hou rs. P re requ is ite : IM H 6 5 0  o r c o n s e n t o f in ­
s tructor.
The  d iffu s io n  o f th e rm a l energy, m ass, an d  m o m e n ­
tum  is co n s id e re d . B a s ic  e q u a tio n s  a re  re a so n e d  in 
d e ta il a n d  a p p lie d  to  p ro b le m s  o f c u rre n t im p o rta n ce  
in te c h n o lo g y  a n d  in e n v iro n m e n ta l a n d  e c o lo g ic a l 
s tud ie s . N a tu ra l c o n v e c tio n  (b u o y a n c y -in d u c e d )  flow s 
a d ja c e n t to  s u rfa ce s  a n d  in fre e ly  r is in g  p lu m e s , 
b u o ya n t je ts , a n d  th e rm a ls  in e x te n s ive  m e d ia  ( in c lu d ­
in g  s tra tif ie d ) a re  tre a te d  fo r la m in a r a n d  fo r tu rb u le n t 
p ro c e s s e s . T rans ien t flow s an d  the  c o n v e rs io n  of 
la m ina r m o tion  to  tu rb u le n t m o tion  a re  tre a te d . T he r­
m al in s ta b ility  an d  th e  d iffu s io n  c h a ra c te r is t ic s  in 
na tu ra lly  o c c u rr in g  b o d ie s  o f flu id  a re  s tu d ie d . F o rce d  
flow s a n d  re su ltin g  c o n v e c tio n  a re  a lso  c o n s id e re d ; 
in c lu d e d  a re  e ffe c ts  o f p ro p e rty  v a ria tio n  a n d  v isco u s  
d is s ip a tio n . C o n v e c tiv e  flo w  d r iv e n  jo in tly  b y  
b u o y a n c y  fo rc e s  a n d  b y  im p o s e d  c o n d it io n s , s u c h  as 
th o se  in th e  a tm o sp h e re  a n d  a d ja c e n t to  h e a te d  su r­
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face , is d iscu sse d . L im its  an d  m e ch a n ism s  o f these  
m ixe d  flow s a re  g ive n .
IM H 652 S e m in a r in H eat T ran s fer S p ring . C re d it 
th re e  hou rs. Tw o-hour m e e tin g s  w e e k ly  to  b e  
a rra n g e d . P re requ is ite : c o n se n t o f instructor. 
D iscu ss io n  o f fie ld s  o f a c tiv e  in q u iry  a n d  c u rre n t in­
te re s t in hea t transfer. C o n s id e ra tio n s  o f m a jo r re ce n t 
w o rk  an d  severa l sum m a ries  o f a sso c ia te d  
c o n tr ib u tio n s .
Power, Advanced Thermodynamics, 
and Combustion
IM P 304 T he  N a tu re  o f T h e rm o d y n a m ic s  Fall, on 
d e m a n d . C re d it th re e  hou rs. T hree  re c ita tions . P re­
requ is ite : a  c o u rse  in th e rm o d y n a m ic s  o r c o n se n t o f 
instructo r. B. J. C onta .
H istory, ph ilosophy, an d  m a th e m a tics  o f th e r­
m o d yn a m ics  w ith  e m p h a s is  on its  s c o p e  a n d  lim ita ­
tions. The m e th o d s  o f e xp o s it io n  o f th e  c o n c e p ts  and  
law s o f th e rm o d yn a m ics ; a c o m p a r is o n  o f th e  in tu i­
tive, the  a x io m a tic , a n d  th e  s ta tis tica l a p p ro a ch e s . 
P rin c ip le  ra ther than  p ro b le m  o rien ted ; e a ch  s tuden t 
w ill b e  e x p e c te d  to  d e v e lo p  a sp e c ia l to p ic  in th e r­
m o d yn a m ics , p re se n t it orally, a n d  w rite  a te rm  p a p e r 
in p la c e  o f a  fina l exam in a tion .
IM P 440  T h e rm o d y n a m ic  A p p lic a tio n s  Fall 
C re d it th re e  hou rs. P re requ is ite : IM G 221 o r e q u iv a ­
lent.
A n  in tro d u c tio n  to  a  b ro a d  ra n g e  of e n g in e e rin g  a p ­
p lica tio n s  o f th e rm o d y n a m ic s  to  c y c lic  a n d  n o n c y c lic  
p ro ce sse s . H eat e n g in e  o r p o w e r cyc le s , bo th  gas  
an d  vapor, s te a d y  flow  an d  nonflow. H e a t p u m p  or 
re fr ig e ra tio n  c y c le s , in c lu d in g  th e rm o e le c tric  a n d  a b ­
so rp tio n  re fr ig e ra tio n . N o n c y c lic  e n e rg y  co n ve rs io n , 
w ith  e m p h a s is  on  co m b u s tio n  en g in e s . The e le m e n ts  
o f ch e m ic a l th e rm o d y n a m ic s , in c lu d in g  th e  G ib b s  
a va ila b ility  fu n c tio n  an d  th e  sp e c ia l c a s e  o f the  G ib b s  
fre e  energy, w ill be  d e ve lo p e d  in o rd e r to  e s ta b lish  
th e  c r ite ria  of p e rfo rm a n c e  o f c o m b u s tio n  an d  o the r 
ch e m ica l eng ines . A  b r ie f tre a tm e n t of fue l c e lls  and  
an  in tro d u c tio n  to  th e  th e rm o d y n a m ic s  o f b io lo g ica l 
sys tem s.
IM P 442  P o llu tio n  C o n tro l in P o w er and  P ro p u l­
s ion  S p ring . C re d it th re e  hou rs. Th ree  re c ita tions . 
P re requ is ite : IM F323  co n cu rre n tly , o r co n se n t o f in ­
s tructor. Staff.
The m a jo r so u rce s  o f ge n e ra l p o w e r a n d  m otive  
p ow er a re  a lso  s o u rce s  o f a ir po llu tio n , the rm a l p o llu ­
t ion , an d  noise. A b a te m e n t te c h n iq u e s  fo r these  p o l­
lu tan ts  m us t be  d e v e lo p e d  if w e  a re  to  sa tis fy  d e ­
m a n d s  fo r m ore  p o w e r w h ile  p re se rv in g  o u r e n v iro n ­
m ent. A n  in tro d u c tio n  to  th e  m a jo r p ro b le m s  as­
s o c ia te d  w ith  e a c h  o f th e se  typ e s  of p o llu tio n  an d  to  
p o ss ib le  m e th o d s  of con tro l; fu n d a m e n ta l te ch n ica l 
a s p e c ts  o f th e  p ro b le m s  and  th e ir  so lu tion . In tro d u c ­
tion  to the  v a rio u s  e n g in e e rin g  sc ie n c e s  w h ich  fo rm  a 
b a s is  fo r con tro l te ch n o lo g ie s .
IM P 449  C o m b u s tio n  E n g in es  Fall. C re d it th re e  
hours. T hree  re c ita tions . P re requ is ite : IM G 221 or 
IM G 221 concu rren tly .
In tro d u c tio n  to  co m b u s tio n  e n g in e s  w ith  e m p h a s is  on
a p p lic a tio n  o f th e rm o d y n a m ic s  an d  flu id  d yn a m ics , 
a n d  on m in im iza tio n  o f ha rm fu l e xha us t em iss ions . 
R e c ip ro c a tin g  co m b u s tio n  e n g in e s , in c lu d in g  the  
s tra tif ie d  c h a rg e  e ng ine ; ro ta ry  eng ines .
IM P 643  C o m b u s tio n  P ro c esses  S p ring . C re d it 
th re e  hou rs. T hree  re c ita tio n s . P re requ is ites : b a s ic  
th e rm o d yn a m ics , flu id  m e ch a n ics , a n d  hea t transfer. 
A n  in tro d u c tio n  to  co m b u s tio n  a n d  flam e  p ro c e s s e s  
w ith  e m p h a s is  on  th e  ra te -c o n tro llin g  e ffe c ts  o f flu id  
d yn a m ics , hea t an d  m a ss  transfer, a n d  re a c tio n  k in e t­
ics . T o p ics  in c lu d e  c la s s if ic a tio n  of fue ls ; hea t of 
co m b u s tio n  a n d  flam e  te m p e ra tu re ; m ix tu re  e q u ilib ­
rium ; co m b u s tio n  in h o m o g e n e o u s  m ix tu re s ; d e f la g ra ­
tions , de to n a tio n s , an d  e xp los io ns ; ig n ition , q u e n c h ­
ing, and  b u rn in g  lim its ; flam e  s tab iliza tio n ; tu rb u le n t 
b u rn in g ; d iffu s io n  flam es; and  b u rn in g  o f d ro p le ts  and  
pa rtic le s .
IM P 648  S e m in ar on  C o m b u s tio n  S p ring . C re d it 
th re e  hou rs. M e e tin g s  th re e  tim e s  a w e e k  to  b e  a r­
ra n g e d . P re requ is ite : c o n s e n t o f ins truc to r. F C. 
G o u ld in , W. J. M cLean , K. E. Torrance.
D iscu ss io n  o f c o n te m p o ra ry  p ro b le m s  in co m b u s tio n , 
s u ch  as  c o m b u s tio n -g e n e ra te d  a ir p o llu tio n , d e s tru c ­
t ive  fires, a n d  fue ls  fo r fu tu re  co m b u s tio n  system s. 
E m pha s is  w ill be  p la c e d  on  the  e xp e rim e n ta l an d  
a n a ly tica l to o ls  re q u ire d  fo r cu rre n t c o m b u s tio n  re ­
se a rch . T op ics  in c lu d e  n u m e rica l te ch n iq u e s , tu rb u ­
le n ce  m o d e lin g , te m p e ra tu re  a n d  co m p o s itio n  m eas­
u rem en ts , a n d  la se r a p p lica tio n s .
IM P 655  E n erg y  C o n v e rs io n  S p rin g . C re d it 
th re e  hou rs. T hree  le c tu res . P re requ is ite : IM G 221 o r 
e q u iva len t.
P rim arily  a  su rvey  o f m e th o d s  fo r th e  d ire c t c o n v e r­
s ion  o f hea t in to  e le c tr ic a l ene rgy, w ith  e m p h a s is  on 
e ffic iency, m a x im u m  pow er, p ra c tic a l a p p lic a tio n s , 
a n d  lim ita tions . T h e rm o e le c tr ic  g e n e ra to rs  a n d  re ­
fr ig e ra to rs . T h e rm io n ic  g e n e ra to rs . S o la r ce lls . 
M a g n e to -flu id -d y n a m ic  ge n e ra to rs . Fuel ce lls . O the r 
p o s s ib le  m e th o d s  fo r d ire c t e n e rg y  co n ve rs io n . 
M e th o d s  o f e n e rg y  s torage,
IM P 656  P o w er S y s te m s  I Fall. C re d it th re e  hours. 
P re requ is ites : IM G 221 an d  IM F323  o r e q u iva le n t.
A  b ro a d  su rve y  o f m e th o d s  o f la rg e -s c a le  p o w e r 
gen e ra tio n , e m p h a s iz in g  e n e rg y  so u rce s , th e r­
m o d y n a m ic  a n d  flu id  m e c h a n ic a l c y c le  c o n s id e ra ­
tions, an d  c o m p o n e n t d e sc r ip tio n . P ow er industry, 
e co n o m ic , and  e n v iro n m e n ta l fa c to rs . L o n g -ra n g e  
tre n d s  a n d  p ro je c tio n s . F o ss il- fu e le d  s te a m -tu rb in e  
sys tem s. E xhaust em iss io n s , c o o lin g  p ro b le m s  an d  
m e th o d s . Peak lo ad  p ro b le m s; g a s  tu rb ine , e n e rg y  
s to ra g e  schem es . T o p p in g  un its, b in a ry  cyc le s , M HD .
IM P 6 5 7  P o w er S y s te m s  II S p ring . C re d it th ree  
hou rs. F. K. M oore.
IM P 658  P ro c esses  o f L arg e  S c a le  H eat R e je c ­
tio n . Fall, on  d e m a n d . C re d it th re e  hou rs. T hree re c i­
ta tions . P re requ is ites : IM F323  and  IM H 3 2 4  c o n c u r­
rently; o r e q u iva le n t p re p a ra tio n  in flu id  m e ch a n ics  
a n d  hea t transfer. F K. Moore.
A p p lic a tio n  of flu id  m e c h a n ic s  an d  hea t tra n s fe r to  
th e  a n a lys is  of p ro b le m s  o f la rg e -s c a le  hea t re jec tio n . 
The  d e ve lo p m e n t o f p lu m e s  an d  the  e ffe c ts  o f hea t
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re je c tio n  o n  te m p e ra tu re  c y c le s  o f w a te r b o d ie s . Per­
fo rm a n c e  an d  s ize  e s tim a tio n  o f c o o lin g  to w e rs  of 
e v a p o ra tiv e  an d  d ry  typ e s , in c lu d in g  th e  ro le  of hea t 
e x c h a n g e r d e s ig n  in s u c h  c o o lin g  sys te m s  fo r la rg e  
p o w e r p lan ts . The e ffe c ts  o f la rg e -s c a le  hea t re je c tio n  
o n  th e  p la n e ta ry  b o u n d a ry  layer. D isp e rs io n  o f th e r­
m al e ffluen ts  in th e  a tm o sp h e re . U rban  hea t is la n d s  
a n d  reg io na l w a rm in g . D iscu ss io n  o f p re se n t a n d  fu ­
tu re  tre n d s  in th e  d e ve lo p m e n t o f hea t d isp e rsa l 
m e th ods .
IM P 6 9 0  S p ec ia l In v e s tig a tio n s  in Power, T h e r­
m o d y n a m ic s , o r C o m b u s tio n  Fall a n d  sp ring . 
C re d it b y  a rra n g e m e n t. In te n d e d  e ith e r fo r in form al 
in s tru c tio n  o f a  sm a ll n u m b e r o f s tu d e n ts  in te re s te d  in 
w o rk  to  s u p p le m e n t th a t g ive n  in re g u la r  c o u rs e s  or 
fo r a  s tu d e n t w ish in g  to  p u rs u e  a p a rt ic u la r  in v e s tig a ­
tion  o u ts id e  of re g u la r co u rse s . P e rm iss ion  re q u ire d  
fo r reg is tra tion .
O perations Research
See c o u rs e  d e s c r ip tio n s  fo r In d u s tria l E n g in e e rin g  
a n d  O p e ra tio n s  R e sea rch , p. 104.
Structural Engineering
See c o u rse  d e s c r ip tio n s  u n d e r C iv il a n d  E n v iro n m e n ­
ta l E n g in e e rin g , p. 78.
Theoretical and A pp lied  
M echanics
C o u rse s  in th e o re tica l a n d  a p p lie d  m e c h a n ic s  are  
lis te d  u n d e r th e  fo llo w in g  h e a d in g s : For U n d e r­
g ra d u a te s  Only, E n g in e e rin g  M a th em a tics ,
M e c h a n ic s  o f S o lids , D y n a m ic s  a n d  V ib ra tions , E x­
p e r im e n ta l M e ch a n ics , S p a c e  M e ch a n ics , 
B io m e ch a n ics , a n d  S p e c ia l C ourses .
For Undergraduates Only
M a th e m a tic s  293 , 294 , 295 , 296  E n g in eerin g  
M a th e m a tic s  See e n tr ie s  u n d e r D iv is ion  o f B as ic  
S tud ies .
IA K 1 0 5  F in ite  M a th e m a tic s  fo r B io lo g is ts  (S am e 
as  M a th e m a tics  105 .) O ffe re d  b y  th e  D e p a rtm e n t o f 
M a th e m a tics  1 9 7 5 -7 6 . Fall. C re d it th re e  hours, p lu s  
o p tio n a l fo u rth  hou r fo r in tro d u c tio n  to  c o m p u tin g .
Tw o le c tu re s , p lu s  tw o  hou rs  to  b e  a rra n g e d ; e ve n in g  
exam in a tions . P re requ is ite : th re e  ye a rs  o f h ig h  sch o o l 
m a th e m a tics , in c lu d in g  trigonom etry .
M o de ls , a n a ly tic  geom etry , d iffe re n c e  equ a tio n s , 
e le m e n ta ry  lin e a r a lg e b ra , p ro b a b ility . O p tio n a l in tro ­
d u c t io n  to  in te ra c tiv e  c o m p u tin g . E xa m p le s  from  b io l­
o g y  a re  u se d  th ro u g h o u t th e  course .
IA K 1 0 6  C a lc u lu s  fo r B io lo g is ts  (S am e  as 
M a th e m a tic s  106 .) O ffe re d  b y  th e  D e p a rtm e n t o f 
M a th e m a tics  1 9 7 5 -7 6 . S p ring . C re d it th re e  hou rs.
T w o  le c tu re s  p lu s  tw o  h o u rs  to  b e  a rra n g e d ; e ve n in g  
e xa m in a tio n s . P re re q u is ite : M a th e m a tic s  105 o r th re e  
y e a rs  o f h igh  sch o o l m a th e m a tics , in c lu d in g  
tr ig o n o m e try  an d  a n a ly tic  geom etry .
In tro d u c tio n  to  d iffe re n tia l a n d  in te g ra l ca lc u lu s , p a r­
tia l d e riva tive s , e le m e n ta ry  d iffe re n tia l e q u a tio n s . 
E xa m p le s  fro m  b io lo g y  a re  u se d  th ro u g h o u t the  
course .
IA K 201 In tro d u c tio n  to  A p p lied  M e c h a n ic s
E ither te rm . C re d it th re e  hou rs. Two le c tu re s , o n e  re c i­
ta tion  p e r w e ek ; fo u r  la b o ra to ry  se ss io n s  p e r  te rm . 
P re requ is ite : re g is tra tio n  in M a th e m a tics  293.
S ee d e s c r ip tio n  in e n try  u n d e r  D iv is io n  o f B a s ic  
S tud ies.
IA K 221 M e c h a n ic s  o f S o lid s  Either te rm . C re d it 
th re e  hou rs . Two le c tu re s , on e  re c ita tio n ; la b o ra to ry  
p a rtic ip a tio n  fo u r tim e s  p e r te rm . P re requ is ite : re g is ­
tra tio n  in M a th e m a tic s  293 .
S ee  d e s c r ip tio n  in  e n try  u n d e r D iv is ion  o f B a s ic  
S tud ies .
IA K 231 D y n a m ic s  E ither te rm . C re d it th re e  hours. 
T w o  le c tu re s , o n e  re c ita tio n ; la b o ra to ry  p a rt ic ip a tio n  
fo u r tim e s  p e r te rm . P re requ is ite : re g is tra tio n  in 
M a th e m a tics  294 .
S ee  d e s c r ip tio n  in  e n try  u n d e r D iv is ion  o f B a s ic  
S tud ies .
Engineering Mathematics
IA A 3 50  A d v a n c e d  E n g in e e rin g  A n a ly s is  I Fall. 
C re d it th re e  hou rs. P re re q u is ite : M a th e m a tics  294  o r 
e q u iva le n t. T w o  le c tu re s .
M e th o d s  of a p p lie d  m a th e m a tic s  as  th e y  a rise  in a 
sys te m a tic  s tu d y  o f p ro b le m s  in e n g in e e r in g  w h ich  
g iv e  rise  to  o rd in a ry  d iffe re n tia l e q u a tio n s . T o p ics  in ­
c lu d e  in fin ite  se ries , un ifo rm  c o n v e rg e n c e , B e sse l’s 
L eg e n d re , an d  g a m m a  fu n c tio n s , n u m e rica l m e th ods , 
m a tr ix  a lg e b ra , in itia l-va lu e  p ro b le m s , b o u n d a ry -va lu e  
p ro b le m s , a n d  e ig e n v a lu e  p ro b le m s  in o rd in a ry  
d iffe re n tia l e q u a tio n s . A t th e  leve l of M a th e m a tic s  o f  
P h ys ics  a n d  M o d e rn  E n g in e e rin g  b y  S o ko lin ko ff an d  
Redheffer.
IA A 351 A d v a n c e d  E n g in e e rin g  A n a ly s is  II
S p rin g . C re d it th re e  hou rs. P re requ is ite : IA A 3 5 0  or 
equ iva le n t.
A  c o n tin u a tio n  o f IA A 350 , w ith  e m p h a s is  o n  m e th o d s  
o f a n a ly s is  w h ic h  a r ise  in a  sys te m a tic  s tu d y  o f pa rtia l 
d iffe re n tia l e q u a tio n s . T o p ics  in c lu d e  fu n c tio n s  of 
se ve ra l va r ia b le s , v e c to r  fie ld  theory, Fou rie r se ries , 
c la s s ic a l m e th o d s  fo r  p a rtia l d iffe re n tia l e q u a tio n s , in­
tro d u c tio n  to  n u m e rica l m e th o d s , c la ss if ica tio n , and  
c o m p le x  va ria b le s . A p p lic a tio n s  to  hea t flow, s tress  
a n a lys is , a n d  g a s  d yn a m ics .
IA A 6 8 0  M e th o d s  of A p p lie d  M a th e m a tic s  Fall. 
C re d it th re e  hou rs. T h re e  le c tu re s . O p e n  to  g ra d u a te  
s tu d e n ts  o r to  u n d e rg ra d u a te s  w ith  c o n s e n t o f in ­
s truc to r. In te n d e d  fo r  s tu d e n ts  w h o  p la n  to  use
T h e o re tic a l an d  A p p lied  M ec h a n ic s  121
a p p lie d  m a th e m a tics  fre q u e n tly ; m any s tu d e n ts  w ill 
s u p p le m e n t it w ith  IA A 6 8 1 -6 8 3 .
O rd in a ry  d iffe ren tia l e q u a tio n s , se ries , o r th o g o n a l 
fu n c tio n s  an d  S tu rm -L iouv ille  theory, fu n c tio n s  o f se v ­
e ra l real v a ria b le s , v e c to r  f ie ld s  a n d  in te g ra l 
th eo rem s, m a trice s , p a rtia l d iffe re n tia l eq u a tio n s . 
E m pha s is  on  a p p lic a tio n s  a n d  te c h n iq u e s  o f so lu tion , 
w h e re ve r poss ib le . A t th e  level oil M a th e m a tics  o f  
P h ys ics  a n d  M o d e rn  E n g in e e rin g  b y  S o ko ln iko ff a n d  
Redheffer.
IAA681 M eth o d s  o f A p p lied  M a th e m a tic s  II
S p ring . C re d it th re e  hours. T hree  le c tu res . P re­
requ is ite : IAA681 o r e q u iva len t.
C o n tin u a tio n  o f p a rtia l d iffe re n tia l e q u a tio n s , s e p a ra ­
tion  o f va r ia b le s , G re e n ’s fu n c tio n s , Fou rie r a n d  L a ­
p la c e  tran s fo rm s, c o m p le x  v a r ia b le s  th ro u g h  the  
th e o ry  o f res idu es , c a lc u lu s  o f va ria tio n s , in c lu d in g  
R a y le igh -R itz  m e th od , te n so r ana lys is .
IA A 6 8 2  M eth ods o f A p p lied  M a th em atics  III Fall 
C re d it th re e  hou rs. Two le c tu re s . P re requ is ite : IAA681 
o r e q u iva le n t. G. S. S. L ud fo rd .
A p p lic a tio n  o f a d v a n c e d  m a th e m a tica l te c h n iq u e s  to  
e n g in e e rin g  p ro b le m s . R e v iew  of c o m p le x  va ria b le  
theory, co n fo rm a l m a p p in g , an d  c o m p le x  in teg ra l 
ca lcu lu s ; in teg ra l tra n s fo rm s  fo r partia l d iffe re n tia l 
equ a tio n s ; G re e n 's  fu n c tio n ; a sym p to tic s , in c lu d in g  
s te e p e s t d e s c e n t a n d  s ta tio n a ry  pha se ; W ie n e r-H o p f 
te c h n iq u e ; n o n lin e a r p a rtia l d iffe re n tia l eq u a tio n s ; 
g e n e ra l th e o ry  o f c h a ra c te r is t ic s ; s in g u la r p e rtu rb a ­
tio n s  an d  b o u n d a ry  layers . P ro b le m s  d ra w n  from  v i­
b ra tio n s  an d  a co u s tic s , flu id  m e c h a n ic s  a n d  e la s tic i­
ty, hea t transfer, an d  e le c tro m a g n e tic s .
IIA A 6 8 4  N u m e rica l M eth o d s  in E n g in eerin g
S p ring , a lte rn a te  years . C re d it th re e  hou rs. P re re q u i­
site : IAA681 o r e q u iva le n t. N o t o ffe re d  1 9 7 5 -7 6 . 
M e th o d s  fo r o b ta in in g  n u m e rica l so lu tions  to  p ro b ­
le m s a ris in g  in e n g in e e rin g . L in e a r an d  n on lin ea r 
m e ch a n ica l sys tem s. O rd in a ry  an d  partia l d iffe ren tia l 
eq u a tio n s , in itia l-va lu e  p ro b le m s , b o u n d a ry -va lu e  
p ro b le m s , e ig e n va lu e  p ro b le m s , a n d  ex trem a. C a l­
cu lu s  o f va r ia tio n s . F u n c tio n -s p a c e  m e th o d s . A p p lic a ­
t io n s  to  v ib ra tio n s , d iffus io n , hea t transfer, w a ve  p ro p ­
aga tion , m e m b ra n e s , p la te s , flu id  flow, a n d  c e le s tia l 
m e ch a n ics . S im u la tion  o f d y n a m ic a l sys tem s. A n a lo g  
c o m p u ta tio n .]
IA A 685 M e th o d s  o f A p p lied  M a th e m a tic s  IVa
S p ring . C re d it tw o  hours. P re requ is ite : IA A 68 2 o r 
equ iva len t.
In co n te x t o f a p p lic a tio n s : re g u la r an d  s in g u la r p e r­
tu rb a tio n  theory, m e th o d  of m a tc h e d  a sy m p to tic  e x ­
p an s ions , tw o  tim in g  (m e th o d  o f m u ltip le  sca les),
W K B  a p p ro x im a tio n .
IA A 6 86  M e th o d s  o f A p p lied  M a th e m a tic s  IVb
S p ring . C re d it tw o  hou rs. P re requ is ite : IA A 68 2  or 
eq u iva len t.
In c o n te x t o f a p p lic a tio n s : H ilb e rt-S c h m id t an d  
F redho lm  th eo ries  o f in te g ra l e q u a tio n s , s in g u la r in­
te g ra l equ a tio n s , W ie n e r-H o p f e q u a tio n s  w ith  a p p lic a ­
tio n  to  fin ite  in te rva l, C a rle m a n  e q u a tio n  an d  its 
g e n e ra liza tio n , e ffe c tive  a p p ro x im a tio n s .
Mechanics of Solids
11AB610 In tro d u ctio n  to  C o n tin u u m  
M e c h a n ic s  Fall, a lte rn a te  years . C re d it th re e  hou rs. 
T hree  le c tu re s . J. T  Jenk ins . N o t o ffe re d  19 7 5 -7 6 . 
In tro d u c tio n  to  th e  p h y s ic a l a s p e c ts  o f m o d e rn  c o n ­
tin u u m  m e ch a n ics , p ro v id in g  a  fo u n d a tio n  fo r fu rthe r 
s tu d ie s  in flu id  an d  so lid  m e c h a n ic s , m a te ria ls  s c i­
ence , an d  o th e r b ra n c h e s  o f e n g in e e rin g . V e cto rs  an d  
tenso rs . A n a lys is  o f s tre ss  a n d  s tra in . D e fo rm a tion . 
C o n s titu tive  eq u a tio n s . B a la n ce  p r in c ip le s  a n d  the  
d e riva tio n  o f fie ld  e q u a tio n s . E xa m p le s  fro m  flu id  
d y n a m ic s  a n d  e la s tic ity ]
IA B 6 63  A p p lied  E las tic ity  Fall. C re d it th re e  
hou rs. Tw o le c tu re s . H. D. Conway.
A n a lys is  o f th in  c u rv e d  bars . P lane  s tress  an d  p lane  
s tra in  in th e  c irc u la r  cy lin d e r; e ffe c ts  o f p ressu re , ro ta ­
tio n  a n d  th e rm a l s tress . S m a ll- a n d  la rg e -d e fle c tio n  
th e o ry  o f p la te s , c la s s ic a l a n d  a p p ro x im a te  m e th ods . 
S tra in -e n e rg y  m e th o d s . S ym m e tr ica lly  lo a d e d  th in  
c y lin d r ic a l she ll. Torsion of th in  w a lle d  m e m b e rs . A 
firs t c o u rs e  in th e  m e c h a n ic s  o f e la s tic  d e fo rm a b le  
b o d ie s  w ith  s tru c tu ra l a p p lic a tio n s .
IA B 6 64  T h e o ry  o f E las tic ity  S p ring . C re d it th re e  
hou rs. Th ree  le c tu res . H. D. Conway.
G ene ra l a n a lys is  o f s tre ss  a n d  stra in . P lane  s tress  
an d  s tra in . A iry 's  s tress  fu n c tio n  so lu tio n s  us ing  
Fou rie r se ries , Fou rie r in teg ra l, a n d  a p p ro x im a te  
m e th o d s . St. Venant an d  M ich e ll to rs io n  theory. S im ­
p le  th re e -d im e n s io n a l so lu tions . B e n d in g  o f p r ism a ti-  
ca l ba rs . A x ia lly  lo a d e d  c irc u la r  c y lin d e r a n d  half 
space .
I IA B 7 6 5  M a th em atica l T h e o ry  o f E las tic ity
S p ring , a lte rn a te  years. C re d it th re e  hou rs. Three  
le c tu res . P re requ is ites : IA B 66 3  an d  IAB664. J. T 
Je n k in s . Not o ffe re d  1 9 7 5 -7 6 .
D e ve lo p m e n t in te n so r fo rm  o f th e  b a s ic  e q u a tio n s  of 
la rg e -d e fo rm a tio n  e la s tic ity ; so lu tion  o f c e rta in  la rg e - 
d e fo rm a tio n  p ro b le m s. L in ea riza tio n  to  in fin ites im a l 
e las tic ity . B o u s s in e sq -P a p ko v ich  p o te n tia ls  a n d  the ir 
a p p lic a tio n  to  th re e -d im e n s io n a l p ro b le m s ; c o n ta c t 
p ro b le m s ; p la n e  s tress  b y  m e th o d  of M uskhe lishv ili; 
a p p lic a tio n  o f co n fo rm a l m a p p in g ; C a u c h y  in te g ra l 
te c h n iq u e s  in e la s tic ity ; to rs io n  p ro b le m s .]
IA B 7 66  D y n am ic  T h e o ry  o f E las tic ity  S p ring , a l­
te rn a te  years . C re d it th re e  hou rs. Two 1 '/2-h o u r le c ­
tu res . P re requ is ites : IA C 6 64  an d  IA B 66 3 o r e q u iv a ­
lent. Y. H. Pao.
A n  a d v a n c e d  c o u rs e  on  d y n a m ic  s tre ss  a n a lys is  an d  
w a v e  p ro p a g a tio n  in e la s tic  so lid s . G e ne ra l e q u a tio n s  
o f e la s to d yn a m ics . W aves in e x te n d e d  e la s tic  m ed ia . 
R e flec tion  a n d  re fra c tio n . S u rfa ce  w a ve s  a n d  w a ve s  
in la ye re d  m ed ia . G e n e ra tion  o f w a ve s  b y  e xp lo s ive  
so u rce s  a n d  d y n a m ic  lo a d in g s . M e th o d s  o f Lam b- 
C a g n ia rd -P e ke ris  a n d  th e  g e n e ra liz e d  rays. D is p e r­
s ion  of w a ves  in p la te s  a n d  rods . T h ick  p la te  theo ries . 
V ib ra tio n  of sp h e re s . S ca tte rin g  o f w a ve s  and  
d y n a m ic  s tre ss  co n ce n tra tio n . W aves in a n iso tro p ic  
m ed ia .
[ IA B 6 6 8  T h e o ry  o f P las tic ity  Fall. C re d it th re e  
hou rs. N o t o ffe re d  1 9 7 5 -7 6 .
T he o ry  o f in e la s tic  b e h a v io r o f m a te ria ls . P lastic
122 T h e o re tic a l and  A p p lied  M ech an ics
s tre ss -s tra in  law s, y ie ld  c r ite ria , flow  ru les. W ork ha r­
d e n in g . F lexure  an d  to rs ion  o f bars. T h ic k  c y lin d e rs  
a n d  sphe res . L im it a n a lys is  o f s truc tu re . P lane  s tra in - 
s lip  line  theory.]
IA B 7 9 0  C o n tin u u m  M ec h a n ic s  and  T h e rm o ­
d y n a m ic s  Fall, a lte rn a te  years . C re d it th re e  hours. 
T h re e  le c tu re s . J. T. Jenk ins .
K inem a tics . C o n se rva tio n  law s. The e n tro p y  in e q u a l­
ity. C o n s titu tive  e q u a tio n s . F ram e  in d iffe re n ce . M a te ­
ria l sym m etry. S im p le  m a te ria ls  an d  th e  p o s itio n  o f 
c la s s ic a l th e o rie s  in th e  fra m e w o rk  o f m o d e rn  c o n ­
tinuu m  m e ch a n ics .
IA B 791 Top ics in C o n tin u u m  M ec h a n ic s  S p ring . 
O ffe re d  in a lte rn a te  years . C re d it th re e  hou rs. T hree 
le c tu re s . P re requ is ite : IA B 790 . J. T  Jenkins.
T he o ry  o f (n o n lin e a r) e la s tic ity  a n d  th e rm o e la s tic ity ; 
un ive rsa l so lu tions , w a ve  p ro p a g a tio n s , and  s ta b ility  
theory. N o n linea r v is c o e la s tic  flu id s  an d  so lid s . V is ­
co m e tric  flow s. M a te ria ls  w ith  c o n tin u u m  
m ic ro s tru c tu re .
Dynamics and Vibration
IA C 6 64  M ech an ica l W aves  and  V ib ra tio n s
S p ring . O ffe re d  in a lte rn a te  years . C re d it fou r 
hou rs. Tw o 1 te -h o u r le c tu re s , o n e  labora to ry.
An in tro d u c tio n  to  a u n ifie d  tre a tm e n t o f w a ve s  and  
v ib ra tio n s  in e la s tic  sys tem s, in c lu d in g  s trin g s , rods, 
bea m s, m e m b ra n e s , a n d  p la te s . A c o u s tic  w a ve s  in 
a ir a n d  so lid s , a n d  se ism ic  w aves. D isp e rs io n  a n d  
g ro u p  ve loc ity . T ransien t w a ve s  a n d  fo rc e d  v ib ra tio n s . 
M ov ing  lo a d s  a n d  so u rce s . P lane, cy lin d r ic a l, and  
sp h e rica l w a ves. F iuygen 's  p r in c ip le . R a d ia tio n  and  
sca tte r in g . M e ch a n ica l w a ve  g u id e s . A t th e  leve l of 
A n a ly tic a l M e th o d s  in  V ib ra tio n s  b y  M ie rov itch , and  
M e c h a n ic a l R a d ia tio n  b y  Lindsay.
IA C 6 7 0  In te rm e d ia te  D y n a m ic s  Fall C re d it th re e  
hou rs. Tw o 1 '/2-h o u r le c tu re s . For g ra d u a te  s tu d e n ts  
o r a d v a n c e d  u n d e rg ra d u a te  s tu d e n ts  w ith  c o n se n t o f 
instructor.
N e w to n ia n  m e c h a n ic s  fo r s in g le  p a rt ic le s  an d  sy s ­
te m s  o f p a rtic le s , co n se rva tio n  law s, ce n tra l- fo rc e  
m otion ; r ig id -b o d y  m e ch a n ics , E u le r's  equ a tions , 
to p s , g y ro s c o p e s ; g e n e ra liz e d  co o rd in a te s , in tro d u c ­
tion  to  L a g ra n g ia n  m e ch a n ics , F lam ilton 's  p rin c ip le . 
Text: P rin c ip le s  o f  D y n a m ics  b y  G re e n w o o d .
IAC771 A d van ce d  D y n a m ic s  S p ring .
C re d it th re e  hours. P re requ is ite : IA C 6 70  o r 
eq u iva len t.
F lam ilton ’s p rin c ip le , L a g ra n g ia n  m e ch a n ics , p r in c ip le  
o f le as t c o n s tra in t, p r in c ip le  o f le as t ac tio n , G ib b s - 
A p p e ll equ a tio n s ; F lam ilton ’s e q u a tio n s , ca n o n ica l 
tra n s fo rm a tio n s , H a m ilto n -Ja co b i theo ry ; d iffe re n tia l 
g e o m e try  of g e o d e s ic s ; g e n e ra l th e o ry  o f o rb its ; to p ­
o lo g ic a l d yn a m ics .
[ IA C 6 7 5  N o n lin e a r V ib ra tio n s  S p ring . C re d it 
th re e  hours. Th ree  le c tu res . P re requ is ite : IA C 6 62  o r 
e q u iva le n t. N ot o ffe re d  19 7 5 -7 6 .
P h a se -p la n e  te ch n iq u e s , s in g u la r po in ts , c o n s e rv a ­
t iv e  sys tem s, lim it c yc le s . P o in ca r^ -B e n d ixso n  
theo rem , P o in ca re 's  c y c le s  w ith o u t co n ta c t, m e th o d
of iso c lin e s , L ie n a rd ’s m e th od , L ya p u n o v  stability , 
F loque t theory, H ill’s a n d  M a th ie u ’s e q u a tio n , p e rtu r­
ba tio n  m e th o d s , m e th o d  o f K ry lo v  a n d  B o g o liu b o v . 
A p p lic a tio n s .]
IA C 6 7 6  S ta b ility  o f M otion  S p rin g . C re d it th re e  
hou rs. T h re e  le c tu res .
P h ys ica l no tio n s  o f s tab ility , L ya p u n o v  stab ility , o rb ita l 
s tab ility , L y a p u n o v ’s s e c o n d  m e th o d , v a lid ity  of 
lin e a rize d  v a ria tio n a l e q u a tio n s , s ta b ility  o f e q u ilib ­
rium  po in ts , s ta b ility  o f p e r io d ic  m o tions . F lo q u e t 
theory, p e rtu rb a tio n s , s tru c tu ra l s tab ility , P o isson  s ta ­
bility, e rg o d ic ity .
IA C 6 99  F u n d a m e n ta ls  o f A c o u s tic s  (S am e  as 
E le c trica l E n g in e e rin g  IEE399.) S p rin g . C re d it th ree  
hours. T h re e  le c tu re s , s ix  la b o ra to rie s  p e r term .
W. S. Sachse.
In tro d u c tio n  to  th e  p r in c ip le s  a n d  th e o r ie s  o f a c o u s ­
t ic s  to  p e rm it an  u n d e rs ta n d in g  o f th e  g e n e ra tio n , 
p ro p a g a tio n , d e te c tio n , a n d  m e a su re m e n t o f a co u s tic  
p h e n o m e n a . T op ics  in c lu d e d  are: th e  v ib ra tio n s  o f 
s tr in g s , ba rs , m e m b ra n e s , an d  p la tes; p la n e  and  
s p h e ric a l a c o u s tic  w aves; tra n sm iss io n  phe nom ena ; 
re so n a to rs  a n d  filte rs ; th e  p ro p a g a tio n  o f a c o u s tic  
w a ve s  in s o lid s  a n d  flu ids . A p p lic a tio n  is m a d e  to 
so n ic  a n d  u ltra s o n ic  tra n s d u c e rs , m u s ic  a n d  noise, 
a n d  a rc h ite c tu ra l a co u s tic s . A t th e  leve l o f F u n d a ­
m e n ta ls  o f  A c o u s tic s  b y  K ins le r a n d  Frey.
Experimental Mechanics
IA D 6 59  E x p e rim e n ta l M e c h a n ic s  Fall. C re d it 
th re e  hours. Two le c tu re s . W. H, S achse.
The s tu d e n t is  e x p e c te d  to  p e rfo rm  fo u r to  s ix  c la s s i­
ca l e x p e rim e n ts  in m e c h a n ic s  se le c te d  to  m ee t h is  or 
he r in d iv id u a l in te res ts . A v a ila b le  e x p e rim e n ts  in ­
c lu d e : e la s tic  w a v e s  in rods , v is c o e la s tic  w a ve s  a n d  
in te rna l d a m p in g , linea r v ib ra tio n s  o f b e a m s  and  
p la te s , m e c h a n ic a l p ro p e rtie s  of m a te ria ls , p h o to e la s ­
t ic ity , p la s tic  re sp o n se  o f s tru c tu re s , g y ro s c o p ic  m o ­
tion , lin e a r o sc illa to rs , a n d  a n a lo g  c o m p u te rs .
Space Mechanics
[ IA G 6 7 2  S p a c e  F lig h t M e c h a n ic s  (S am e as  A s ­
tro n o m y  579 .) Fall, a lte rn a te  years . C re d it th re e  hours. 
N o t o ffe re d  1 9 7 5 -7 6 .
G ra v ita tio n a l p o te n tia l o f th e  ea rth , tw o -b o d y  p ro b le m , 
th re e -b o d y  p ro b le m , re s tr ic te d  th re e -b o d y  p ro b le m , 
J a c o b i’s in teg ra l, H ill cu rve s , lib ra tio n  p o in ts  an d  s ta ­
bility, c a p tu re  p ro b le m s . L a g ra n g e 's  p la n e ta ry  e q u a ­
tions ; e ffe c t o f o b la te  ea rth , a tm o s p h e r ic  d ra g , and  
so la r ra d ia tio n  on  sa te llite  o rb its ; sa te llite  a ttitu d e  c o n ­
tro l; o rb ita l m aneuve rs , re n d e z v o u s  p ro b le m s .]
[ IA G 6 7 3  M e c h a n ic s  o f th e  S o la r S y ste m  (S am e 
a s  A s tro n o m y  571 .) Fall, a lte rn a te  years. C re d it th re e  
hou rs. T hree  le c tu res . P re requ is ite : IA C 6 7 0  o r c o n ­
sen t o f instructo r. J . A . B u rns . N o t o ffe re d  1 9 7 5 -7 6 . 
A p p lic a tio n  o f th e  p r in c ip le s  o f m e c h a n ic s  to  e xp la in  
p h ys ica l p h e n o m e n a  in th e  so la r sys tem . A n  u n d e r­
s ta n d in g  o f th e  in te rp la n e ta ry  e n v iro n m e n t w ill be  d e ­
v e lo p e d . T o p ics  in c lu d e : g e o p h y s ic a l p r in c ip le s  a n d  
id e a s  as  a p p lie d  to  E a rth  an d  o th e r p la n e ts ; se ism ic
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w aves, free  o sc illa tio n s , free  a n d  fo rc e d  ro ta tion , 
g ra v ita tio n a l po ten tia ls . E q u ilib r iu m  tid a l theory, tida l 
in te rac tion s , o rb ita l evo lu tio n  o f th e  ea rth -m o o n  s ys ­
tem , s p in -o rb it c o u p lin g  of M e rc u ry  a n d  Venus. 
D yn am ica l c h a ra c te r is t ic s  o f c o m e ts  a n d  as te ro id s . 
D ust dyn a m ics ; ra d ia tio n  p ressure , P o yn ting - 
R obertson  d ra g , Y a rkovsky e ffec t. R e la tiv is tic  pe rihe l 
ion  p re ce ss io n  o f M ercu ry.]
Biomechanics
IAH601 In tro d u ctio n  to  B io m ech an ic s , B io e n ­
g in eerin g , B io n ics , and  R o b o ts  Fall. C re d it th re e  
hours. T hree  le c tu res . P re requ is ites : e le m e n ta ry  
d iffe re n tia l equ a tio n s , linea r a lg e b ra , an d  p ro b a b ility ; 
o r co n se n t o f instructor. A  le c tu re  c o u rse  in te n d e d  
p rim a rily  fo r u n d e rg ra d u a te s . A n  in tro d u c tio n  to 
IAH 692, b u t no t n e ce ssa rily  a p re requ is ite .
H. D. B lock.
B ion ics , the  g e n e ra l su b je c t, is th e  s tu d y  o f p o ss ib le  
a p p lic a tio n s  o f te c h n iq u e s  u se d  b y  liv ing  o rg a n ism s  
to  th e  d e s ig n  o f e n g in e e rin g  d e v ice s . E xa m p le s  are  
how  b ird s  fly, fish sw im , an d  m en run; a n d  h o w  an i­
m a ls  see, hear, learn , re co g n ize , reca ll, gu e ss , and 
reason. T he  p o s s ib ility  o f d e s ig n in g  ro b o ts  to  o p e ra te  
in w a ys  a n a lo g o u s  to  p h y s io lo g ic a l an d  m enta l fu n c ­
tions  w ill b e  e x p lo re d . T yp ica l a reas : d e v e lo p m e n ts  in 
b io m e d ic a l e n g in e e rin g , a rtific ia l in te llig e n ce , p a tte rn  
re co g n itio n , na tu ra l la n g u a g e s , neu ra l n e tw o rk  and  
bra in  m ode ls , p h ilo s o p h ic a l q u e s tio n s  o f co m p u te rs  
an d  th e  fo u n d a tio n s  of m a th em a tics , th e o re tica l a s ­
p e c ts  o f c o m p e tit iv e  a n d  e vo lu tio n a ry  e c o lo g ic a l sys ­
tem s, b io d y n a m ic s , an d  p ro g re s s  in th e  a u g m e n ta ­
tion  o f hum an  m u scu la r a n d  m enta l pow er. S tuden ts  
in te re s te d  in p a rtic u la r a re a s  m a y  d o  in d iv id u a l o r 
team  w o rk  co n s is tin g  o f s tudy, re se a rch , d e s ig n , o r 
c o n s tru c tio n .
IA H 666 P attern  C lass ifica tio n  S p ring , a lte rna te  
years . C re d it th re e  hours. P re requ is ite : IO A 2 6 0 -2 7 0  
or e q u iva le n t b a c k g ro u n d  in p ro b a b ility  an d  s ta tis tics . 
J . C . Dunn.
G ra p h  th e o re tic  a n d  c r ite rio n  fu n c tio n  c lu s te r in g  
te ch n iq u e s . C lu s te rin g  m e th o d s  b a se d  on  th e  th e o ry  
o f fuzzy  se ts . L in e a r a n d  n on lin ea r c a te g o rize rs . E rror 
co rre c tin g  p ro c e d u re s . G ro u p  a v e ra g in g  te c h n iq u e s  
an d  fea tu re  e x tra c tio n . A p p lic a tio n s  to  b io lo g ic a l 
taxonom y, a u to m a te d  c h a ra c te r  re co g n itio n , m e d ica l 
d ia g n o s is .
[ IA H 692 C u rren t R esearch  P ro b le m s  in B io n ics  
and  R o bots  S p ring , a lte rn a te  years. C re d it o n e  to 
fo u r hours, as a rra n g e d  in p r io r  c o n su lta tio n  w ith  staff. 
IAH601 is  in tro d u c to ry  bu t is no t ne ce ssa rily  a p re ­
requ is ite . FI. D. B lock . N o t o ffe red  19 7 5 -7 6 .
A  g ra d u a te -le ve l sem inar, co n ce n tra tin g  on  a fe w  o f 
the  to p ic s  lis te d  u n d e r IA H 6 0 1 . F acu lty  an d  s tu d e n ts  
repo rt on  cu rre n t re se a rch  a rtic le s , pa p e rs , books, 
a n d  pe rsona l in ve s tig a tio n s  in su ch  a reas as: ro b o ts  
d e s ig n e d  to  learn  na tu ra l la n g u a g e , a rtific ia l in te lli­
g en ce , p a tte rn  re c o g n itio n  an d  s ce n e  a n a lys is  b y  
m ach in e , e vo lu tio n a ry  sys tem s, b io d yn a m ics , a d a p ­
t ive  con tro l, a n d  b ra in  an d  b e h a v io r m o d e ls .]
Special Courses
IA J 7 0 4 -7 0 5  S e m in ar in F lu id  M ec h a n ic s  Fall 
an d  sp rin g . C re d it th re e  hours. P re requ is ite : c o n se n t 
o f instructo r. G. S. S. Lu d fo rd .
S tu d y  an d  d is c u s s io n  o f to p ic s  o f cu rre n t re se a rch  in­
te re s t in th e  fie ld  o f flu id  m e ch a n ics . P a rtic ip a n ts  p re ­
p a re  a n d  d e live r re p o rts  b a se d  on  p u b lis h e d  a n d  un­
p u b lis h e d  lite ra ture .
IA J 8 2 1 -8 2 2  P ro ject in M e c h a n ic s  Fall a n d  
s p r in g . C re d it to  b e  a rra n g e d .
A  m in im um  of th re e  c re d it  hou rs  m us t be  c o m p le te d  
b y  e a c h  c a n d id a te  fo r  th e  M aste r o f E n g in e e rin g  (En­
g in e e r in g  M e ch a n ics ) deg ree .
IA J896  R e search  in T h e o re tic a l and  A p p lied  
M ec h a n ic s  E ither te rm . C re d it as  a rra n g e d .
Thesis , lite ra tu re  survey, o r in d e p e n d e n t re se a rch  on 
a s u b je c t o f th e o re tica l a n d  a p p lie d  m e ch a n ics . Re­
sea rch  w ill be  u n d e r th e  g u id a n c e  of a  s ta ff m em ber.
IA J 8 9 7  S e lec ted  T o p ics  in T h e o re tic a l and  
A p p lied  M e c h a n ic s  E ither te rm . C re d it as 
a rra n g e d .
S p e c ia l le c tu re s  o r se m in a rs  on s u b je c ts  o f cu rre n t 
in te re s t in the  F ie ld  o f T he o re tica l a n d  A p p lie d  
M e ch a n ics . T op ics  w ill be  a n n o u n c e d  w h e n  th e  
co u rs e  is  o ffe red .
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Reference List of Current and Former Course Num bers
(C o u rse s  w ith  no  "o ld "  n u m b e rs  a re  o m itte d .)
A g ric u ltu ra l E n g in eerin g
N e w O ld N e w O ld N e w O ld N e w
32 5  .............. ................ 421 471 ................ ..............471 5 52  .............. ................ 552 685
401 .............. ................ 450 47 5  .............. ..............475 651 .............. ................ 501 700
415  .............. ................ 41 0 481 ................ ..............481 6 5 2  .............. ................ 502 761
4 1 6  .............. ................ 411 482  ................ ..............482 6 7 5  .............. ................ 505 771
461 .............. ................ 461 491 ................ ..............491 6 7 6  .............. ................ 506 775
4 6 2  .............. ................ 462 492  ................ ..............492 677  .............. ................ 507 781
4 65  .............. ................ 463 551 ................ ..............551 6 7 8  .............. ................ 510 785
A p p lie d  a n d  E n g in e e rin g  P h ys ic s
O ld
.504
.601
.602
.603
.605
.604
.606
N e w  O ld  N e w
IP201 .......................... 8301
IP217 .......................... 8117
IP303 .......................... 8 30 3
IP306 .......................... 8606
IP323 .......................... 812 3
IP 333  .......................... 8133
IP355 .......................... 815 5
IP401 .......................... 8501
IP424 .......................... 812 4
IP434 .......................... 813 4
O ld
IP456 .......................... 815 6
IP461 .......................... 8161
IP 490  .......................... 8 09 0
IP601 .......................... 8601
IP 603  ...........................8603
IP605 .......................... 8605
IP606 ...........................8506
IP 607  ...........................8507
IP609 .......................... 8 30 9
IP 612  .......................... 8 312
N e w  O ld
IP613 ...........................8313
IP 619  .......................... 850 9
IP621 ...........................8511
IP 622 ...........................8 51 2
IP 623  ...........................8 51 3
IP633 .......................... 8 33 3
IP634 ...........................8 334
IP 636 ...........................8 33 6
IP651 ...........................8351
N e w  O ld
IP 652 ...........................8 35 2
IP 705 ...........................8 50 5
IP711 ...........................8211
IP 712  ...........................8212
IP751 ...........................8051
IP 752 ...........................8 05 2
IP 753 ...........................8252
IP761 ...........................8261
IP 762 ...........................8 26 2
C h e m ic a l E n g in eerin g
N ew O ld N e w O ld N e w O ld N e w O ld
IHE101 ...................5041 IH E 462 ............ ......... 5624 IHE641 ......... ............5743 IH E 683 . . . . ............5852
IH E 1 10 . .................. 5111 IH E 565 ............ ......... 562 7 IH E 642 ......... ............575 2 IH E 692 . . . . ............5952
IHE111 . ...................5101 IH E 595 ............ ......... 5955 IH E 643 ......... ............5770 IH E 693 . . . . ............5 95 3
IHE311 .................. 5102 IH E 596 ............ ......... 5 9 5 6 IH E 644 ......... ............574 8 IH E694 ............5954
IH E 312 . ...................5103 IHE611 ............ ......... 5161 IH E 645 ......... ............5 74 9 IH E711 . . . . ............5 10 5
IHE321 . ...................5 257 IHE621 ............ ......... 5741 IH E 648 ............574 4 IH E 712 . . . . ............5107
IH E 410 . .................. 5106 IH E 625 ............ ......... 563 6 IHE651 ......... ............5 51 0 IH E 7 1 3  . . . . ............5 10 9
IH E 430 . ...................5 304 IH E 627 ............ ......... 576 0 IHE671 ......... ............571 7 IH E 714 . . . . ............5508
IHE431 . ...................5305 IH E 628 ........... ......... 5641 IH E 6 7 2  ......... ............5 75 0 IHE731 . . . . ............5505
IH E 432 . .................. 5353 IH E 630 ............ ......... 5 31 2 IH E 6 80  ......... ............5851 IHE751 . . . . ............5501
IH E 433 . ...................5354 IHE631 ............ ......... 560 9 IHE681 ......... ............585 7 IH E 790 . . . . ............5900
IHE461 ...................5623 IH E 640 ............ ......... 5742 IH E 682 ......... ............585 9
C iv il and  E n v iro n m en ta l E n g in eerin g
N e w O ld N e w O ld N e w O ld N e w O ld
11A153 .................. 2153 IIB 3 03  .............. 2203 IIC 617  . . . . ............2317 I ID 7 1 2 ............ ......... 241 2
IIA 3 8 0  . . .................. 2180 I IB 6 1 5 .............. 2215 IIC 618  . . . . ............2318 IID 714 ......... 2414
IIA661 . . .................. 2161 IIB616 . 2216 IIC 620 232 0 IID 715
IIA 6 6 2  . . .................. 2162 I IB 6 1 7 ........... . . .2217 IIC621 2321 IID 718 2 41 8
IIA671 . . ...................2171 IIB 6 18  . . 2218 IIC691 .........  2391 IID 792  . . 2492
IIA685 ...................2185 IIB 6 19  ......... . .2219 IIC 693  ............ ............2 39 3 IIE301 .2501
IIA 6 86  . ...................2186 I IB 6 5 1 .............. 2651 IIC 694  ............ ............2394 IIE 602 2502
IIA 6 87  . . .................. 2187 IIB 6 93  ......... 2293 IIC 716 ............231 6 IIE 610 . 2510
IIA688 .................. 2188 I IB 747 ............ . 2247 IIC 7 9 2  ............ ............2392 I IE 6 1 1 ............ ......... 2511
11A689 . . .................. 2189 I IB 780 . . . .2280 IID 301 . 2401
IIA691 .................. 2191 I IB 7 9 1 .............. . .2291 IID 606 ......... 240 6 IIE614 ......... 2514
IIA 692  . 219 2 IIB 792 .2292 IID 610  . ......... 241 0 IIE 620 ............ ......... 2520
IIA693 ...................219 3 IIB 794 2 29 4 IID 6 1 6 ............ ......... 241 6 IIE 630 ............ ......... 2530
IIA694 ................  2194 IIC301 . .2301 110631 ............ ......... 2431 IIE 633 . . . . . . ......... 2533
IIA 6 96 ...................2196 IIC 302 . 2302 IID 632 . . 243 2 IIE634 .2534
IIB201 . ...................2201 IIC 609 . 2309 I ID 6 9 1 ......... ......... 2491 IIE 693  ......... ......... 2593
IIB 2 02  . . . .............. 2202 IIC 612 . . .2312 IID 693 . . 249 3 I IE 791 .2591
IIB 2 05  . . ................  220 5 IIC 6 1 5 .. . .2315 IID 694  ......... . . . .2494 I IE 792 ............ . . . .2592
C o u rse  N u m b e rs  125
IIE794 . . . ........... 2594 IIF794 2694 11G 7 11 ............2711 IG791 . 2791
IIF620 . .2620 IIG301 . . 2701 IIG 712 . . .2712 IIG 792 ............2792
IIF621 .............. 2621 IIG 302  .............. 2702 11G 713 ......... ............2713 IIG 794  ......... ........... 2794
IIF622 2622 IIG 303  . . . . . 2703 11G 714 ......... . . 2714 IIH 615  . . 2815
IIF623 ................2623 IG304 2704 11G 715 . . 2715 IH 616  ............ 2 81 6
IIF624 .............. 2624 IIG 305 2705 IG 716 ......... .2716 IIH 7 1 8 . 281 8
IIF640 . 2640 11G 351 . .2751 IIG 717  ......... 2717 IIH731 ............2831
IIF641 . . .2641 IIG 652 ........... 2752 11G 718 ........... 2718 11K 502 . . . 2002
IIF643 2643 IIG 653 2753 11G 719 ............2719 I IK 5 1 0 ............ 2010
IIF644 . . 2644 IIG 654 ......... 2754 IG 720 . . 2720 IIK511 . 2011
IIF791 .2691 IIG 655 . . 2755 11G 722 2722 11K 520 ............ 2020
IIF792 . . .2692 IIG 690 .2790 11G 732 . . 2732 IIK521 2021
IIF793 ......................... 2693
C o m p u te r S c ien c e
IIG 693 2793 IG 757 2757 IIK801 . 2001
N ew O ld N e w O ld N e w O ld N e w O ld
IC S 100 .. .....................100 IC S 414 .............. ......... 404 IC S 632 ......... ..............632 IC S 727 ......... ..............527
ICS101 . . .....................201 ICS481 .............. ......... 485 IC S 635 ......... ..............635 IC S 729 ......... ..............621
IC S 102 . . .....................311 IC S 482 .............. ......... 486 ICS641 ......... ..............441 IC S 733 ......... ..............733
IC S104 . .....................104 ICS611 .............. ......... 411 ICS681 ......... ..............588 IC S 734 ......... ..............734
IC S 105 . . .....................305 IC S 612 .............. ......... 412 IC S 682 ......... ..............587 IC S 739 ......... ..............635
IC S 106 .. .....................106 IC S 613 .............. ......... 413 IC S 709 ......... ..............591 ICS781 ......... ..............488
ICS211 . . .....................202 IC S 615 .............. ......... 415 IC S 7 1 2 ......... ..............487 IC S 782 ......... .............. 589
IC S 280 .. .....................203 IC S 6 1 6 .............. ......... 416 IC S 7 1 9 ......... ..............611 IC S 789 ......... ..............681
IC S 314 . . .....................401 IC S 618 .............. ......... 517 ICS721 ......... ..............521 IC S 790 ......... ..............590
ICS321 .. .....................321 ICS621 .............. ......... 421 IC S 723 ......... ..............523 IC S 890 ......... ..............590
IC S322 
IC S 410 . .
...................322
................ 409
IC S 622 .............. 422 IC S 725 ..............525 IC S 990 ..............590
E lectrica l E n g in eerin g
N e w O ld N e w O ld N e w O ld N ew O ld
IEE311 ......... ............4301 IEE620 ......... ............4450 IEE674 ......... ............4 48 4 IEE734 ......... ............4534
IEE312 ......... ............4 302 IEE621 ......... ............4453 IEE675 ......... ............4487 IEE735 ......... ............4535
IEE313 ......... ............4311 IEE623 ......... ............4475 IEE676 ......... ............448 8 IEE736 ......... ............4536
IEE314 . . . . ............4 312 IEE624 ......... ............4478 IEE677 ......... ............4587 IEE737 ......... ............4631
IE E 3 1 5 ......... ............4321 IEE625 ......... ............4575 IEE678 ......... ............4588 IEE738 ......... ............4632
IEE316 ......... ............4322 IEE627 ......... ........... 4571 IEE680 ......... ............446 4 IEE761 ......... ............4507
IEE401 ......... ............4401 IEE628 ......... ............4572 IEE681 ......... ............4561 IEE762 ......... ............4508
IEE410 ......... ............4 41 0 IEE631 ......... ............443 3 IEE682 ......... ............4564 IEE763 ......... ............4674
IEE411 ......... ............4411 IEE632 ......... ............443 4 IEE683 ......... ............4511 IEE764 ......... ............467 2
IEE430 ......... ............4430 IEE633 ......... ............4437 IEE684 ......... ............4514 IEE765 ......... ............4673
IEE432 ......... ............4412 IEE634 ......... ............443 8 IEE685 ......... ............4551 IEE771 ......... ............4505
IEE531 ......... ............4431 IEE635 ......... ............4537 IEE686 ......... ............4552 IEE772 ......... ............4506
IEE532 ......... ............443 2 IEE651 ......... ........... 4445 IEE687 ......... ............4565 IEE773 ......... ............4681
IEE551 ......... ............4441 IEE652 ......... ........... 4446 IEE688 ......... ............4566 IEE781 ......... ............4661
IEE552 ......... ............444 2 IEE661 ......... ............4473 IEE721 ......... ............4503 IEE791 ......... ............4691
IEE581 . . . . .4461 IEE662 ......... ............4474 IEE722 ......... ............4504 IEE792 ......... ..............4692
IEE582 ......... ............4462 IEE663 ......... ............4476 IEE731 ......... . 4531 IEE793 .......................4595
IEE591 ......... ............4591 IEE671 ......... ............4481 IEE732 ......... ............4532 IEE794 .......................4596
IEE592 ......... ............4592 IEE672 ........... 4482 IEE733 ......... ............453 3 IE E 79 5 -7 99  . .4 7 00 -4800
G e o lo g ic a l S c ie n c e s
(A ll n u m b e rs  rem a in  th e  sam e.)
In d u s tria l E n g in eerin g  and  O p e ra tio n s  R esearch
N e w O ld N e w O ld N e w O ld N e w O ld
IO R 2 1 3 ......... ........... 9113 IO R 350 ......... 935 0 IO R 437 ............9337 IO R 622 ......... ............9 522
IO R 260 ......... 9160 IOR361 ............9361 IO R 4 7 1 ......... ............9371 IO R 623 ......... ............952 3
IO R 270 ............9170 IO R 370 ......... ............937 0 IO R 5 1 6 ......... ............9526 IO R 625 ......... ............952 5
IO R 3 0 1 ......... ............9301 IO R 383 ......... ........... 938 3 IO R 5 5 1 ......... ............9551 IO R 630  ......... ............9530
IO R 320 ......... ............9 32 0 IO R 4 1 0 ......... ............94 1 0 IO R 562 ......... ............9562 IO R 6 3 1 ......... ............9531
IO R 3 2 1 ......... ............9321 IO R 4 2 1 ......... ............9521 IO R 570 ......... ............9512 IO R 632 ......... ............9532
IO R 335 ......... ........... 9135 IO R 435 ......... ............933 5 IO R 6 1 4 ......... ............951 4 IO R 633 ......... ............9533
126  C o u rse  N u m b ers
IO R 6 3 4 ........................9534
IO R 635 ........................953 5
IO R 6 3 7 ........................9 53 7
IO R 640 ........................9 54 0
IO R 660 ........................9 46 0
IOR661 ........................9 56 0
IO R 670 ........................9 47 0
IOR671 ........................9 57 0
IO R 672 ........................957 2
IO R 674 ........................9571
IO R 680 ........................ 958 0
IO R 6 8 2 ........................95 8 2
IO R 736  ........................95 3 6
IO R 738 ........................953 8
IO R 739  ........................9 53 9
IO R 741 ........................9541
I O R 761 ........................ 9561
IO R 764 ........................ 9564
IO R 769 ........................ 9 56 9
IO R 773 ........................ 9 57 3
IO R 774 ........................ 9 57 4
I O R 779 ........................ 9 5 7 9
IO R 789  ........................ 9 5 8 9
IO R 8 9 0 ........................ 9 59 0
IOR891 ........................9591
IO R 893 ........................ 9 593
IO R 8 9 4 ........................ 9594
IO R 8 9 8 ........................ 9 59 8
IO R 899 ........................9 59 9
M ate ria ls  S c ien c e  a n d  E n g in eerin g
N e w O ld N e w O ld N e w O ld N e w
ITE201 . . . . ..............6101 ITE 440 ................ . .  .6040 ITE701 ......... ............6601 ITE714
ITE261 ..............6261 ITE441 ................ . .  .6041 ITE702 ......... ............6 60 2 ITE725
ITE262 . . . . ..............6262 ITE443 ................ . . .6043 ITE703 ......... ............660 3 ITE762
ITE331 ..............6031 ITE444 ................ . .  .6044 ITE704 ......... ............6 60 4 ITE763
ITE333 . . . . ..............603 3 ITE445 ................ . .  .6045 ITE705 ......... ............660 5 ITE765
ITE334 ..............6 03 4 ITE446 ................ . . .6046 ITE706 ......... ............660 6 ITE767
ITE335 . . . . ..............603 5 ITE448 ................ . . .6048 ITE707 ......... ............660 7 ITE768
ITE336 . . . . ..............6 03 6 ITE553 ................ . .  .6553 ITE 712 ......... ............6 6 1 2 ITE769
ITE339 ..............6 03 9 ITE554 ................ 6554
M ech an ica l a n d  A e ro s p a c e  E n g in eerin g
N e w O ld N e w O ld N e w O ld N e w
IM A 602 ..............7302 IM D 663  .............. ..  .3363 IM G 302  . . . . ............3 0 2 0 IM P 449
IM A 603 ..............7303 IM D 672  .............. . .  .3372 IM G 3 2 5  . . . . ............3 3 2 5 IM P 643
IM A 611 . .  . . .7 1 0 1 ,3 6 6 7 IM D 674  .............. . . .3374 IM G 453  . . . . ............3 05 3 IM P 648
IM A 612 ..............7612 IM D 680  .............. ..  .3380 IM G 654  . . . . ............3 65 4 IM P 655
IM A 613 ..............7102 VI0 6 9 0  .............. 3390 IM G 6 5 6  . . . . ............3 6 5 6 IM P 656
IM A621 ..............7201 IM D 692  .............. . . .3392 IM G 790  . . . . ............3 0 9 0 IM P 658
IM A 622 ..............7202 IM F 2 30  ................ 3622 IM G 791 . . . . ............7801 IM P 690
IM A 704  ..  . ..............7304 IM F 3 23 ................ 3623 IM G 7 9 9  . . . . ............7901 IM S 326
IM A 705 ..............7305 IM F339 and IM G 8 9 0  . . . . ............30 9 8 IM S 389
IM A 706 ..............7306 IM F 4 39 ................ 3 63 9 IM G 9 9 0  . . . . 30 9 9 IM S 677
IM A 707 ..............7307 IM F632 ................ . 3632 IM H 3 2 4  . . . . ............3 6 2 5 IM S 678
IM A 713 ..............7103 IVIF 6 3 3  ................ 363 3 IM H 6 5 0  . . . . ............3 6 6 5 IM S 679
IM A 723 ..............7203 IM F636 ................ .3663 IM H 651 . . . . ............3 68 0 IM S 682
IM A 792 ..............7902 IM F690 ................ . .  .3690 IM H 652  . . . . ............3 6 8 2 IM S 685
IM A 793 ..............7903 IM F734 ................ . . .7308 IM M 311 . . . . ............3401 IM S 690
IM A 795 ..............7905 IM F 7 35 ................ . . .3 6 7 5 IM M 6 1 2  . . . . ............3451 IM S 770
IM A 890-990 ..............7801 IM F737 ................ . .  .3677 IM M 6 1 4  . . . . ............3 47 5 IMS771
IM B 562 ..............336 2 IM F738 ................ . .  .3685 IM M 6 9 0  . . . . ............3490 IM T305
IM B 665 ..............336 5 IM G 101 .............. . . .3301 IM P 304 ......... ............3 65 9 IM T486
IM B 690 ..............369 0 IM G 208  .............. . .3208 IM P 440  ......... ............3 64 0 IM T606
IM D 464 ..............336 4 IM G 221 .............. 3631 IM P 442 364 2 IM T687
T h e o re tica l a n d  A p p lied M ec h a n ic s
O ld
O ld
.3669
3 652
.3668
.3371
.3377
.3671
N e w  O ld
IA A 3 5 0  ........................ 1150
IA A 3 5 1 ........................ 1151
IA A 68 0  ........................ 1180
IAA681 ........................ 1181
IA A 68 2 ........................ 1182
IA A 684  ........................ 1184
IA A 68 5 ......................1183a
IA A 68 6  ......................1183b
IA A 77 0  ........................ 1170
IAA771 ........................ 1171
IA B 6 1 0 ........................ 1210
IA B 66 3  ........................ 1263
N e w  O ld
IA B 66 4  ........................ 1264
IA B 66 7  ........................ 1267
IA B 66 8  ........................ 1268
IA B 6 8 0  ........................ 1280
IA B 76 5  ........................ 1265
IA B 76 6  ........................ 1266
IAB771 ........................ 1271
IA B 79 0  ........................ 1290
IAB791 ........................ 1291
IA C 6 64  ........................ 1364
IA C 6 7 0  ........................ 1370
IA C 6 75  ........................ 1375
N e w  O ld
IA C 6 7 6  .........................1376
IA C 6 9 9  ........................ 1399
IAC 771 ........................ 1371
IAC 781 ........................ 1381
IA D 6 5 9  ........................ 1459
IA D 6 6 0  ........................ 1460
IA G 6 7 2 .........................1772
IA G 6 7 3  ........................ 1773
I A H 601 ........................ 1801
IA H 6 9 2  ........................ 1892
IA J704  .........................1904
N e w  O ld
IA J7 0 5  .........................1905
IAJ821 .........................1921
IA J822  .........................1922
IA J8 9 6  .........................1996
IA J8 9 7  .........................1997
IA K 1 0 5  .........................1005
IA K 1 0 6  ........................ 1006
IAK201 ........................ 1001
IAK221 ........................ 1021
IA K 2 2 2  .........................1022
IAK231 .........................1031
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W ilfr ie d  H. B ru tsaert, Engr., M .S ., Ph.D ., P ro fesso r of 
C iv il a n d  E n v ironm en ta l E n g in e e rin g  
N e lson  H. B ryan t, E.E., M .E .E ., P ro fe sso r o f E lec trica l 
E n g in e e rin g
R o be rt A . B u h rm an , B.S., Ph.D ., A ss is ta n t P ro fessor 
o f A p p lie d  P h ys ics  
J o s e p h  A . B u rns , B.S., Ph.D ., A sso c ia te  P ro fe sso r of 
T h e o re tica l a n d  A p p lie d  M e c h a n ic s  (on  leave, 
a c a d e m ic  ye a r 1 9 7 5 -7 6 )
M a lco lm  S. B u rton , B.S., S .M ., P ro fesso r o f M a te ria ls  
S c ie n ce  a n d  E n g in e e rin g ; A ss o c ia te  D e an  o f the  
C o lle g e
K. B in g h a m  C ady, S .B ., Ph.D ., A s s o c ia te  P ro fesso r of 
A p p lie d  P h ys ics  
R o b e rt R. C a p ra n ic a , B.S., M.S., S c .D ., P ro fe sso r of 
E le c trica l E n g in e e rin g  a n d  o f B io p h y s ic s  
H e rb e rt J. C a rlin , B.S., M .S ., D .E.E., J. P res ton  Levis  
P ro fesso r o f E n g in e e rin g ; P ro fe sso r o f E le c trica l 
E n g in e e rin g  
W illiam  W. C a rson , B.S., M .S., S c .D ., A ss is ta n t 
P ro fesso r o f M e c h a n ic a l an d  A e ro s p a c e  
E n g in e e rin g
D a v id  A. C a ughey, B .S.E., Ph.D ., A ss is ta n t P ro fesso r 
o f M e ch a n ica l a n d  A e ro s p a c e  E n g in e e rin g  
F rank  J. C e sa rio , B.S., M .S., Ph.D ., A ss is ta n t 
P ro fesso r o f C iv il a n d  E n v ironm en ta l E n g in e e rin g  
V in ce n t W. S. C han , B.S., E.E., M .S ., P h .D ., A ss is ta n t 
P ro fesso r o f E le c trica l E n g ine e ring  
John  L. C isne, B.S., Ph.D ., A ss is ta n t P ro fesso r of 
G e o lo g ic a l S c ie n ce s  
D a v id  D. C la rk , A .B ., Ph.D ., P ro fe sso r o f A p p lie d  
P h ys ics ; D ire c to r  o f th e  W ard L a b o ra to ry  o f N u c le a r 
E n g in e e rin g ; G ra d u a te  F a cu lty  R e p re se n ta tive  
(N u c le a r S c ie n c e  a n d  E n g in e e rin g ) (on leave, 
s p r in g  te rm  1976)
R o d e ric k  K. C lay ton , B.S., P h .D ., P ro fe sso r o f A p p lie d  
P h ys ics  a n d  o f B io lo g y  a n d  B io p h y s ic s  
E ric  K. C le m o n s , S B., M .S ., In s tru c to r o f O p e ra tio n s  
R e sea rch
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G e o rg e  G, C o cks , B.S., Ph.D ., A sso c ia te  P ro fesso r o f 
C h em ica l E n g ine e ring  
R obert L. C onstab le , B.A., M .A ., Ph.D ., A sso c ia te  
P ro fessor of C o m p u te r S c ie n ce  
B a rtho lom e w  J. C onta , B.S., M .S., P ro fesso r of 
M e ch a n ica l a n d  A e ro s p a c e  E n g ine e ring  
H a rry  D. C onw ay, B .Sc., Ph.D ., M .A ., D .Sc., P ro fessor 
of T he o re tica l and  A p p lie d  M e ch a n ics  
R icha rd  W. Conway, B .M .E., Ph.D.', P ro fessor of 
O p e ra tio n s  R e sea rch  a n d  o f C o m p u te r S c ie n ce  
J. R obert C ooke, B.S., M.S., Ph.D ., A sso c ia te  
P ro fessor of A g ric u ltu ra l E n g ine e ring ; G ra d u a te  
F acu lty  re p re se n ta tive  (A g ricu ltu ra l E n g ine e ring ) 
Terrill A. C ool, B.S., M .S., Ph.D ., A sso c ia te  P ro fessor 
o f A p p lie d  P hys ics ; G ra d u a te  F acu lty  
R e p re sen ta tive  (A p p lie d  P h ys ics)
D a le  R. C o rson , A .B ., A .M ., Ph.D ., P ro fesso r of 
A p p lie d  P h ys ics  a n d  o f P hys ics ; P re s id e n t o f th e  
U n ive rs ity
E d m un d  T. C ranch , B .M .E., Ph.D ., P ro fesso r of 
T he o re tica l a n d  A p p lie d  M e ch a n ics ; D ean o f the  
C o lle ge
G. C o n ra d  D a lm an, B.E.E., M .E .E., D .E.E., P ro fesso r 
o f E lec trica l E n g ine e ring ; D ire c to r o f th e  S choo l 
P. C. T ob ias de  Boer, M ech . E ng., Ph.D ., P ro fesso r of 
M e ch a n ica l an d  A e ro s p a c e  E n g ine e ring  
L u tg a rd  D e Jonghe , B.S., M .A .S ., Ph.D ., A ss is ta n t 
P ro fessor o f M a te ria ls  S c ie n c e  an d  E n g ine e ring  
A lan  J. D em ers, B.S., M .A ., Ph.D ., A ss is ta n t P ro fessor 
o f C o m p u te r S c ie n ce  
John  E. D e nn is , Jr., B.S., M.S., Ph.D ., A sso c ia te  
P ro fessor o f C o m p u te r S c ie n c e  (on  leave, 
a c a d e m ic  ye a r 1 9 7 5 -7 6 )
Ja m e s  D onahue, B.A., M .S., Ph.D ., A ss is ta n t 
P ro fesso r o f C o m p u te r S c ie n ce  
J o se p h  C. D unn, B .A ero .E ., M .S ., Ph.D ., A ss is ta n t 
P ro fe sso r o f T h e o re tica l and  A p p lie d  M e ch a n ics  
Le o n a rd  B. D w orsky, B.S., M .A ., P ro fesso r o f C iv il and  
E n v ironm en ta l E ng ine e ring  
Le s te r F Eastm an, B .E.E., M .S ., Ph.D ., P ro fesso r of 
E lec trica l E n g ine e ring  
W illiam  H. E rickso n , B.S., M .S ., P.E., P ro fessor of 
E lec trica l E ng ine e ring  
D o na ld  T Farley, Jr., B .E.R, Ph.D ., P ro fesso r of 
E le c trica l E ng ine e ring  
T errence  L. Fine, B .E.E., S .M ., P h .D ., A sso c ia te  
P ro fesso r o f E le c trica l E n g ine e ring  
R o be rt F F inn, B. C h em ., C h .E ., Ph.D ., P ro fessor of 
C h e m ica l E n g in e e rin g  (on  leave , a c a d e m ic  year 
1 9 7 5 -7 6 )
G o rd o n  P Fisher, B.E., D .E n g ., PE., P ro fesso r o f C iv il 
a n d  E n v ironm en ta l E n g in e e rin g ; D ire c to r o f th e  
C e n te r fo r U rban  D e ve lo p m e n t R esearch  
H ans H. F le ischm ann , D ip l. Phys., Dr.rer.nat., 
A s s o c ia te  P ro fesso r of A p p lie d  P h ysics 
Je ffre y  Frey, B.S., M .S ., Ph.D ., A ss o c ia te  P ro fe sso r o f 
E le c trica l E n g ine e ring  
D. Ray Fu lkerson, B.E., M .S., Ph.D ., M axw e ll M. 
U p so n  P ro fessor o f E n g in e e rin g ; P ro fesso r of 
O p e ra tio n s  R e sea rch  an d  o f A p p lie d  M a th e m a tics  
R ona ld  B. Furry, B.S., M.S., Ph.D ., P ro fesso r o f 
A g ricu ltu ra l E n g ine e ring  
R icha rd  H. G a llagher, B .C .E ., M .C .E ., P h .D ., RE., 
P ro fessor o f C iv il a n d  E n v ironm en ta l E n g ine e ring ; 
C h a irm a n  o f th e  D e p a rtm e n t o f S truc tu ra l 
E ng ine e ring
C h a rle s  D. G a tes , B .A ., M .S ., P ro fesso r o f C iv il a n d  
E n v ironm en ta l E n g in e e rin g ; G ra d u a te  F acu lty  
R e p re se n ta tive  (W a te r R e sou rces)
A lb e rt R. G e o rg e , B.S.E., M .A ., Ph.D ., A sso c ia te  
P ro fesso r o f M e ch a n ica l a n d  A e ro s p a c e  
E n g in e e rin g ; A ss is ta n t D ire c to r o f th e  S ib le y  S ch oo l 
o f M e ch a n ica l a n d  A e ro s p a c e  E n g in e e rin g  
P e te r G erge ly , B .E ng ., M .S ., Ph.D ., RE., A ss o c ia te  
P ro fesso r o f C iv il an d  E n v ironm en ta l E n g ine e ring ; 
G ra d u a te  F a cu lty  R e p re se n ta tive  (C iv il an d  
E n v ironm en ta l E n g in e e rin g )
R a lph  E. G om ory, B .A ., Ph.D ., A n d re w  D. W h ite  
P ro fe sso r-a t-L a rg e  (O p e ra tio n s  R esea rch )
F re d e rick  CX. G o u ld in , B.S.E., M .A ., P h .D ., A ss is ta n t 
P ro fesso r of M e ch a n ica l a n d  A e ro s p a c e  
E n g in e e rin g
D a v id  G ries, B.S., M .S., Ph.D ., A s s o c ia te  P ro fesso r o f 
C o m p u te r S c ie n c e  (on leave , a c a d e m ic  yea r 
1 9 7 5 -7 6 )
W esley W. G unke l, B .S., M.S., P h .D ., P ro fesso r o f 
A g ric u ltu ra l E n g ine e ring  
D o u g la s  A. H a ith , B.S., M .S ., P h .D ., A ss is ta n t 
P ro fesso r o f A g ric u ltu ra l E n g in e e rin g  an d  o f C iv il 
a n d  E n v ironm en ta l E n g ine e ring  
S h ih -P ing  Han, B.S., M .A ., Ph.D ., A ss is ta n t P ro fessor 
o f C o m p u te r S c ie n ce  
Pe te r H a rrio tt, B .C hem .E ., S c .D ., P ro fesso r of 
C h e m ica l E n g ine e ring ; G ra d u a te  F acu lty  
R e p re se n ta tive  (C h e m ica l E n g in e e rin g )
Paul L. H a rtm an, B.S., Ph.D ., P ro fesso r o f A p p lie d  
P h ys ics  an d  o f P hys ics ; A s s o c ia te  D ire c to r o f th e  
S ch o o l o f A p p lie d  a n d  E n g in e e rin g  P h ys ics  
Ju ris  H a rtm a n is , C a nd .P h il., M .A ., Ph.D ., P ro fesso r of 
C o m p u te r S c ie n ce  
D a v id  C . H eath , A .B ., M .A ., P h .D ., A ss is ta n t P ro fesso r 
of O p e ra tio n s  R e sea rch  
John  E. H o p c ro ft, B .S., M .S ., P h .D ., P ro fesso r o f 
C o m p u te r  S c ie n ce ; G ra d u a te  F acu lty  
R e p re se n ta tive  (C o m p u te r S c ie n ce )
S tan ley  H u m ph ries , Jr., S .B., M .S ., Ph.D ., A ss is ta n t 
P ro fesso r o f A p p lie d  an d  E n g in e e rin g  P h ys ics  
Lynn e  H. Irw in, B .S .C .E ., M .S .C .E ., Ph.D ., A ss is ta n t 
P ro fesso r of A g ric u ltu ra l E n g ine e ring  
B ryan  L. Isacks , A .B ., P h .D ., A ss o c ia te  P ro fesso r of 
G e o lo g ic a l S c ie n ce s  
Ja m e s  T  Jenk ins , B.S., P h .D ., A ss is ta n t P ro fe sso r of 
T h e o re tica l a n d  A p p lie d  M e ch a n ics  
W illia m  J, Jew e ll, B.S., M .E ., Ph.D ., A sso c ia te  
P ro fesso r o f A g ric u ltu ra l E n g ine e ring  
H e rb e rt H. John son , B.S., M .S ., P h .D ., P ro fesso r of 
M a te ria ls  S c ie n c e  an d  E n g in e e rin g ; D ire c to r o f th e  
M a te ria ls  S c ie n c e  C e n te r 
D a n ie l E. K a rig , B.S., M .S ., P h .D ., A ss is ta n t P ro fessor 
o f G e o lo g ic a l S c ie n ce s  
S id n e y  K a u fm an , A .B ., Ph.D ., A c tin g  P ro fesso r of 
G e o lo g ic a l S c ie n ce s  
J. Ne il Kay, B.E., M .E ., Ph.D ., RE., A ss is ta n t P ro fesso r 
o f C iv il a n d  E n v ironm enta l E n g ine e ring  
M ichae l C. Kelley, B.S., P h .D ., A ss is ta n t P ro fe sso r o f 
E le c trica l E n g ine e ring  
G e o rg e  A. K ie rsch , G eo l.E ., Ph.D ., P ro fesso r o f 
G e o lo g ic a l S c ie n ce s  
M yu n g h w a n  Kim, B.S., M .E., Ph.D ., A s s o c ia te  
P ro fesso r o f E lec trica l E n g ine e ring  
D a v id  Lee  K o h ls ted t, B.S., M .S ., P h .D ., A ss is ta n t 
P ro fe sso r o f M a te ria ls  S c ie n c e  a n d  E n g in e e rin g
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V aclav 0 .  K ostroun , B.S., M.S., P h .D ., A ss is ta n t 
P ro fesso r o f A p p lie d  P hys ics  
E d w a rd  J. Kram er, B .C h .E ., Ph.D ., A sso c ia te  
P ro fesso r o f M ate ria ls  S c ie n c e  a n d  E n g ine e ring  
J a m e s  A . K rum hans l, B .S., M .S., Ph.D ., P ro fessor o f 
A p p lie d  P h ys ics  a n d  o f P h ysics 
W alter H. Ku, B.S., M .S ., P h .D ., A ss o c ia te  P ro fessor o f 
E le c trica l E n g ine e ring  
A rth u r E K u ckes, B.S., Ph.D ., P ro fesso r o f A p p lie d  
P h ys ics  (on  leave, fa ll te rm  1975)
B ru ce  R. Kusse, B.S., Ph.D ., A ss is ta n t P ro fesso r of 
A p p lie d  P h ys ics  
R ich a rd  H. Lance, B.S., M .S., Ph.D ., A sso c ia te  
P ro fesso r o f T h e o re tica l an d  A p p lie d  M e ch a n ics ; 
G ra d u a te  F acu lty  R e p re se n ta tive  (T h e o re tica l an d  
A p p lie d  M e ch a n ics ); A s s o c ia te  D e an  o f th e  
C o lle g e
N o sh ir A . L an g ra na , B.E., M .S ., Ph.D ., A ss is ta n t 
P ro fessor o f E n g ine e ring  
A lonzo  W m . Law re nce , B.S., M .S., RE., Ph.D ., 
A sso c ia te  P ro fesso r o f C iv il a n d  E n v ironm enta l 
E ng ine e ring
C h arles  A . Lee, B.E .E ., Ph.D ., P ro fessor o f E lec trica l 
E ng ine e ring
S id n e y  L e ib o v ich , B.S., Ph.D ., A ss o c ia te  P ro fesso r o f 
M e ch a n ica l a n d  A e ro s p a c e  E n g in e e rin g ; G ra d u a te  
F a cu lty  R e p re se n ta tive  (M e c h a n ic a l E n g in e e rin g ) 
S im on A. Levin , B .A ., Ph.D ., A ss o c ia te  P ro fesso r o f 
T he o re tica l and  A p p lie d  M e ch a n ics  an d  of 
E co logy ; C h a irm a n  o f th e  S e c tion  o f E co lo g y  a n d  
S ys te m a tics  in th e  D iv is ion  of B io lo g ica l S c ie n ce s  
G ilb e rt Lev ine, B.S., Ph.D ., P ro fessor o f A g ricu ltu ra l 
E n g ine e ring ; D ire c to r  o f th e  W ater R e so u rce s  an d  
M arine  S c ie n ce s  C en te r 
A a ro n  Lew is, B.S., Ph.D ., A ss is ta n t P ro fesso r of 
A p p lie d  an d  E n g ine e ring  P h ys ics  
C he-Yu Li, B .Sc., Ph.D ., P ro fesso r o f M ate ria ls  
S c ie n ce  a n d  E n g ine e ring  
Ta L iang , B. Eng., M .C .E ., P h .D ., P ro fesso r o f C iv il 
an d  E n v ironm enta l E n g ine e ring  
R icha rd  L. L iboff, A .B ., Ph.D ., P ro fesso r o f E lec trica l 
E n g in e e rin g  a n d  o f A p p lie d  P h ysics 
Ja m e s  A . L ig g e tt, B .S., M .S ., Ph.D ., P ro fesso r o f C ivil 
a n d  E n v ironm enta l E n g ine e ring  
S im p son  Linke, B.S.E.E., M .E .E., P ro fesso r of 
E le c trica l E n g ine e ring  
P h ilip  L.-E Liu, B.S., S .M ., S c .D ., A ss is ta n t P ro fessor 
o f C iv il an d  E n v ironm en ta l E n g ine e ring  
R aym ond C. Loehr, B.S., M .S ., Ph.D ., P ro fesso r of 
A g ric u ltu ra l E n g ine e ring  a n d  o f C iv il an d  
E n v ironm en ta l E n g ine e ring ; D ire c to r o f 
E n v ironm en ta l S tu d ie s  P rogram  
H o w ard  A. Lon ghouse , B.S., M.S., L e c tu re r in 
A g ric u ltu ra l E n g ine e ring  
R o b e r t !  Lo renze n , B.S .A .E ., B .S .C .E ., M .S., P.E., 
A sso c ia te  P ro fesso r of A g ric u ltu ra l E n g ine e ring  
D anie l P. Lou cks , B.S., M.S., Ph.D ., A sso c ia te  
P ro fessor o f C iv il a n d  E n v ironm enta l E ng ine e ring ; 
C h a irm a n  o f th e  D e p a rtm e n t o f E n v ironm enta l 
E n g ine e ring
R icha rd  V. Love lace , B.S., Ph.D ., A ss is ta n t P ro fessor 
of A p p lie d  a n d  E n g in e e rin g  P h ys ics  
W illiam  F Luca s, B.S., M .A ., M .S., Ph.D ., P ro fesso r of 
O p e ra tio n s  R e sea rch  an d  o f A p p lie d  M a th e m a tics  
(on leave, a c a d e m ic  yea r 1 9 7 5 -7 6 )
G eo ffrey  S. S. Lu d fo rd , B .A ., M .A ., Ph.D ., S c .D ., 
P ro fesso r o f A p p lie d  M a th em a tics ; G ra d u a te
F a cu lty  R e p re se n ta tive  (T h e o re tica l a n d  A p p lie d  
M e ch a n ics ) (on  leave, s p r in g  te rm  1976)
D a v id  C. L u d in g to n , B.S., M .S ., Ph.D ., A s s o c ia te  
P ro fesso r o f A g ric u ltu ra l E n g in e e rin g  
W a lte r R. Lynn , B.S., M .S ., P h .D ., P ro fesso r o f 
E n v ironm en ta l E n g in e e rin g ; D ire c to r o f th e  S choo l 
o f C iv il a n d  E n v ironm en ta l E n g in e e rin g  (on  leave, 
sp r in g  te rm  1976)
G e o rg e  B. Lyon, B.S., M .S ., P.E., A s s o c ia te  P ro fesso r 
o f C iv il an d  E n v ironm en ta l E n g in e e rin g ; A ss is ta n t 
D ire c to r o f th e  S ch oo l o f C iv il a n d  E n v ironm en ta l 
E n g in e e rin g ; S e c re ta ry  o f th e  C o lle g e  of 
E n g in e e rin g  F a cu lty  (on  leave, fa ll te rm  1975) 
W illiam  L, M axw e ll, B .M .E ., Ph.D ., P ro fe sso r of 
O p e ra tio n s  R e sea rch  
R oss A . M cFarlane , B.S., M .S., Ph.D ., P ro fe sso r of 
E le c trica l E n g ine e ring  
H e n ry  S. M cG a u g h a n , B.S.E. (P hys ics), M .E .E., 
P ro fesso r o f E le c trica l E n g in e e rin g  
W illiam  M cG u ire , B .S .C .E ., M .C .E ., P.E., P ro fe sso r of 
C iv il a n d  E n v ironm en ta l E n g in e e rin g  
Paul R. M c ls a a c , B.E .E ., M .S .E., Ph.D ., P ro fe sso r of 
E le c trica l E n g in e e rin g ; G ra d u a te  F a cu lty  
R e p re se n ta tive  (E le c tr ica l E n g in e e rin g )
W illiam  J. M cLean , B.S., M .S., Ph.D ., A ss is ta n t 
P ro fesso r o f M e ch a n ica l an d  A e ro s p a c e  
E n g ine e ring  
A rth u r J. M cNair, B.S. (C .E .), M .S ., C .E., P.E., 
P ro fe sso r o f C iv il an d  E n v ironm en ta l E n g in e e rin g  
G e o rg e  D. M eixe l, Jr., B.S., Ph.D ., A ss is ta n t P ro fesso r 
o f E n g in e e rin g ; A ss is ta n t D ire c to r o f D iv is ion  of 
B a s ic  S tu d ie s  
A rn im  H. M e yb u rg , B .A ., M .S ., P h .D ., A sso c ia te  
P ro fesso r o f C iv il a n d  E n v ironm en ta l E n g ine e ring  
W illiam  F M iller, B.S., Ph.D ., P ro fesso r o f A g ric u ltu ra l 
E n g ine e ring
F ra n c is  C . M oon, B.S., M .E ., M.S., P h .D ., A sso c ia te  
P ro fesso r of T h e o re tica l a n d  A p p lie d  M e ch a n ics  
F rank lin  K. M oore, B.S., P h .D ., J o se p h  C. Ford  
P ro fesso r of E n g in e e rin g ; P ro fesso r o f M e ch a n ica l 
a n d  A e ro s p a c e  E n g in e e rin g  
J o h n  A . M u cks ta d t, A .B ., M.S., M .A ., Ph.D ., A sso c ia te  
P ro fesso r o f O p e ra tio n s  R e sea rch  
S u b ra ta  M ukherjee , B .Tech., M .S., Ph.D ., A ss is ta n t 
P ro fesso r o f T h e o re tica l and  A p p lie d  M e c h a n ic s  
P e te r J. M urphy, B.S., Ph.D ., A ss is ta n t P ro fe sso r of 
C iv il an d  E n v ironm en ta l E n g ine e ring  
John  A . N a tion , B .Sc., P h .D ., A ss o c ia te  P ro fesso r o f 
E le c trica l E n g in e e rin g  
M a rk S . N e lk in , B .S c., Ph.D ., P ro fesso r o f A p p lie d  
P h ys ics  (on leave, a c a d e m ic  y e a r 1 9 7 5 -7 6 )
G e o rg e  L. N em hauser, B .C h .E ., M .S ., Ph.D .,
P ro fesso r o f O p e ra tio n s  R e sea rch  (on  leave, 
a c a d e m ic  y e a r 1 9 7 5 -7 6 )
B e n jam in  N icho ls , B.E.E., M .E .E., P h .D ., P ro fe sso r o f 
E le c trica l E n g in e e rin g  
A rth u r H. N ilson , B.S. M .S., P h .D ., P.E., P ro fesso r of 
C iv il an d  E n v ironm en ta l E n g in e e rin g  
J a c k E . O liver, B .A ., M .A ., Ph.D ., Irv ing  P o rte r C h u rch  
P ro fe sso r o f E n g in e e rin g ; C h a irm a n  o f the  
D e p a rtm e n t of G e o lo g ic a l S c ie n ce s  
R o be rt E. O sbo rn , B .S .E .E ., P.E., P ro fesso r of 
E le c trica l E n g in e e rin g  
E d w a rd  O tt, B .E.E., M .S ., Ph.D ., A s s o c ia te  P ro fesso r 
o f E le c trica l E n g in e e rin g  
S usan  S. O w ick i, B .S., M .S., P h .D ., A ss is ta n t 
P ro fesso r of C o m p u te r S c ie n ce
F acu lty  a n d  S taff 131
Yih -H s in g  Pao, B .E ng ., M .S ., P h .D ., P ro fesso r of 
T he o re tica l a n d  A p p lie d  M e ch a n ics ; C h a irm a n  of 
th e  D e p a rtm e n t 
Teom an Pekoz, B.S., M .S., Ph.D ., A ss is ta n t P ro fessor 
o f C iv il a n d  E n v ironm enta l E n g ine e ring  
R icha rd  M. Phe lan , B .S .M .E ., M .M .E ., P ro fesso r of 
M e ch a n ica l an d  A e ro s p a c e  E n g in e e rin g  
L e ig h  P hoen ix , B .S c.E ng ., M .S c., Ph.D ., A ss is ta n t 
P ro fessor o f M e ch a n ica l an d  A e ro s p a c e  
E n g ine e ring
C h ris to p h e r Pottle, B .Eng ., M.S., Ph.D ., A sso c ia te  
P ro fessor o f E lec trica l E n g ine e ring  an d  of 
C o m p u te r S c ie n ce  
N a ra h a ri U. P rabhu, B .A ., M .A ., M .S c., P ro fessor of 
O p e ra tio n s  R e sea rch  
P re d rag  T  R a du lo v ic , D ip l. E ng ., M .S ., Ph.D .,
A ss is ta n t P ro fesso r o f M e ch a n ica l an d  A e ro s p a c e  
E n g ine e ring
Rishi Raj, B .Sc., M .S ., P h .D ., A ss is ta n t P ro fesso r of 
M ate ria ls  S c ie n ce  an d  E ng ine e ring  
R ich a rd  H. R and, B.E., M.S., Engr. S c .D ., A sso c ia te  
P ro fessor o f T he o re tica l a n d  A p p lie d  M e ch a n ics  
(on leave, fa ll te rm  1975)
G era ld  E. R ehkug ler, B.S., M .S., Ph.D ., P.E., A sso c ia te  
P ro fessor o f A g ricu ltu ra l E n g ine e ring  
E d w in  L. Resler, Jr., B .E .A ero .E ., Ph.D ., Jo se p h  
N e w ton  Pew  Jr. P ro fesso r of E n g in e e rin g ; P ro fessor 
o f M e ch a n ica l an d  A e ro s p a c e  E n g ine e ring , o f 
E lec trica l E n g ine e ring , a n d  o f A p p lie d  P hysics; 
D ire c to r o f th e  S ib le y  S ch o o l o f M e ch a n ica l an d  
A e ro s p a c e  E n g ine e ring  
T ho r N. R hod in , B.S., A .M ., Ph.D ., P ro fesso r o f 
A p p lie d  P h ys ics  
Fe rd in a n d  R o d riguez , B.S., M .S., Ph.D ., P ro fessor of 
C h em ica l E n g ine e ring  
J o s e p h  L. R osson, B.S.E.E., M .E .E., P ro fesso r of 
E lec trica l E n g ine e ring ; A ss o c ia te  D ire c to r  of th e  
S choo l
A rth u r L. Ruoff, B .S., Ph.D ., P ro fesso r o f M ate ria ls  
S c ie n ce  an d  E n g ine e ring , a n d  o f A p p lie d  P hysics, 
a n d  o f G e o lo g ica l S c ie n ce s  
W o lfgan g  H. S achse, B.S ., M .S .E., Ph.D ., A ss is ta n t 
P ro fessor o f T h e o re tica l an d  A p p lie d  M e ch a n ics  
M iriam  M. Sa lpeter, B .A ., M .A ., Ph.D ., P ro fessor of 
A p p lie d  P h ys ics  a n d  o f N e u ro b io lo g y  a n d  B e hav io r 
G e ra rd  S a lton, A .B ., M .A ., Ph.D ., P ro fessor of 
C o m p u te r S c ience ; C h a irm a n  o f th e  D e p a rtm e n t 
M artin  W. S a m pso n , B.S., M .S ., A s s o c ia te  P ro fessor 
o f Indus tria l E n g in e e rin g  a n d  O p e ra tio n s  R esearch ; 
D ean  of th e  D iv is ion  o f S u m m er S e ss ion  and  
E xtram ura l C o u rse s  
D w ig h t A . Sangrey, B.S., M .S ., P h .D ., A sso c ia te  
P ro fessor o f C iv il a n d  E n v ironm en ta l E n g ine e ring  
T ho m as  J. Santner, B.S., M.S., Ph.D ., A ss is ta n t 
P ro fesso r o f O p e ra tio n s  R e sea rch  
S tephe n  L. Sass, B .C h.E ., Ph.D ., A s s o c ia te  P ro fesso r 
o f M a te ria ls  S c ie n c e  an d  E n g ine e ring  
B yron  W. S a unde rs , B.S., M .S ., P ro fesso r o f Indus tria l 
E n g ine e ring  a n d  O p e ra tio n s  R esearch ; D ire c to r o f 
th e  S choo l; D ean  of th e  U n ive rs ity  F acu lty  
G e o rg e  F S chee le , B .S.E., M .S ., Ph.D ., A sso c ia te  
P ro fessor o f C h e m ica l E n g ine e ring  
R icha rd  E. S chuler, B.E., M .B .A ., Ph.D ., RE., A ss is ta n t 
P ro fessor o f C iv il an d  E n v ironm en ta l E n g ine e ring  
a n d  of E co nom ics  
A n d re w  S chu ltz , Jr., B.S., Ph.D ., PE., S p e n c e r T O lin  
P ro fesso r o f E n g ine e ring ; P ro fesso r o f O p e ra tio n s
R esearch
N o rm an  R. S co tt, B .S .A .E ., P h .D ., A ss o c ia te  P ro fessor 
o f A g ric u ltu ra l E n g ine e ring  
A. R icha rd  S e ebass , B.S .E ., M .S .E., P h .D ., P ro fessor 
o f M e ch a n ica l an d  A e ro s p a c e  E n g in e e rin g  (on 
leave , a c a d e m ic  ye a r 1 9 7 5 -7 6 )
D a v id  N. S e idm an , B.S., M .S ., Ph.D ., A sso c ia te  
P ro fesso r of M a te ria ls  S c ie n c e  a n d  E n g in e e rin g  
R o be rt G. S exsm ith , B .A .S c., M .S .E ng ., Ph.D ., 
A s s o c ia te  P ro fesso r o f C iv il a n d  E n v ironm en ta l 
E n g ine e ring
S han-Fu  S hen, B .S c., S c .D ., P ro fesso r o f M e ch a n ica l 
an d  A e ro s p a c e  E n g in e e rin g ; G ra d u a te  F acu lty  
R e p re se n ta tive  (A e ro s p a c e  E n g in e e rin g )
E d w in  S. S h e p a rd so n , B.S., M.S., P ro fesso r of 
A g ric u ltu ra l E n g in e e rin g ; D ire c to r o f the  
D e p a rtm e n t 
D e nn is  G. S h e p h e rd , B .S .E ng ., P ro fesso r of 
M e c h a n ic a l an d  A e ro s p a c e  E n g in e e rin g  (on leave, 
s p r in g  te rm  1976)
C h ris tin e  S hoem aker, B.A., P h .D ., A ss is ta n t P ro fesso r 
o f C iv il a n d  E n v ironm en ta l E n g in e e rin g  a n d  of 
E n to m o lo g y
M ichae l L. Shuler, B .S ., Ph.D ., A ss is ta n t P ro fesso r o f 
C h e m ica l E ng ine e ring  
B e n jam in  M. S iege l, B .S ., Ph.D ., P ro fesso r o f A p p lie d  
P h ys ics
John  S ilcox , B .Sc., Ph.D ., P ro fesso r of A p p lie d  
P h ys ics
K rish n a  P S ingh , B.S., Ph.D ., A s s is ta n t P ro fesso r o f 
M e c h a n ic a l a n d  A e ro s p a c e  E n g in e e rin g  (on  leave, 
a c a d e m ic  ye a r 1 9 7 5 -7 6 )
F loyd  0 .  S la te , B.S., M .S ., Ph.D ., P ro fe sso r of C iv il 
a n d  E n v ironm enta l E n g ine e ring  
Ju lia n  C. S m ith , B .C h em ., C hem .E ., P.E., P ro fesso r o f 
C h e m ica l E n g in e e rin g ; D ire c to r o f th e  S ch oo l 
Ja m e s  W. S pencer, B .C .E ., M .C .E ., P h .D ., P ro fe sso r o f 
A g ric u ltu ra l E n g in e e rin g ; A ss o c ia te  D e an  o f th e  
C o lle g e  of A g ric u ltu re  a n d  L ife  S c ie n ce s  
Ja m e s  F S tevenso n , B.S., M.S., Ph.D ., A ss is ta n t 
P ro fesso r o f C h e m ica l E n g ine e ring  
R a v in d ra  N. S u dan , B .A ., D. I .I .Sc., D .I.C ., Ph.D ., 
P ro fesso r o f E le c trica l E n g in e e rin g  an d  o f A p p lie d  
P h ys ics ; D ire c to r  o f th e  L a b o ra to ry  
o f P lasm a S tu d ie s  
G e o rg e  S ze n tirm a i, D ip l.E .E ., C a n d . o f th e  T ech n ica l 
S c ie n ce s , P h .D ., P ro fessor o f E le c trica l E n g in e e rin g  
C h u n g  L. Tang, B.S., M .S ., P h .D ., P ro fesso r of 
E le c trica l E n g ine e ring  
M ura d  S. Taqqu, B .A ., M .A ., P h .D ., A ss is ta n t 
P ro fe sso r o f O p e ra tio n s  R e sea rch  
H o w a rd  M. Taylor, 3d , B .M .E ., M .I.E ., P h .D ., A sso c ia te  
P ro fe sso r of O p e ra tio n s  R esearch ; G ra d u a te  
F a cu lty  R e p re se n ta tive  (O p e ra tio n s  R e sea rch )
R ay T e ite lbau m , B.S., Ph.D ., A ss is ta n t P ro fesso r of 
C o m p u te r  S c ie n ce  
R o be rt J. T hom as, B.S.E.E., M .S .E .E ., P h .D ., A ss is ta n t 
P ro fesso r o f E le c trica l E n g ine e ring  
Ja m e s  S. Thorp, B .E.E., M .S ., Ph.D ., P ro fesso r o f 
E le c trica l E n g ine e ring  
R a ym o n d  G. T ho rpe , B .C h em .E ., M .C hem .E ., 
A ss o c ia te  P ro fesso r o f C h e m ica l E n g in e e rin g  
M ichae l J. Todd, B.A ., P h .D ., A ss is ta n t P ro fe sso r o f 
O p e ra tio n s  R e sea rch  
H w a -C h u n g  Torng, B.S., M .S ., P h .D ., P ro fesso r of 
E le c trica l E n g in e e rin g
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K enneth  E. Torrance, B.S ., M .S .E.E., Ph.D ., A sso c ia te  
P ro fessor o f M e ch a n ica l a n d  A e ro sp a ce  
E n g ine e ring  
W illiam  B. T ravers, B.S., M .S ., Ph.D ., A ss is ta n t 
P ro fesso r o f G e o lo g ic a l S c ie n ce s  
Le s lie  Earl Trotter, Jr., A .B ., M .S ., Ph.D ., A ss is ta n t 
P ro fesso r o f O p e ra tio n s  R esearch  
D o n a ld  L. Turcotte , B.S., M .A ero .E ., Ph.D ., P ro fessor 
o f G e o lo g ic a l S c ie n ce s ; G ra d u a te  F a cu lty  
R e p re sen ta tive  (G e o lo g ic a l S c iences)
B ru ce  W. Turnbu ll, B .A ., M .A ., M.S., Ph.D ., A ss is ta n t 
P ro fessor o f O p e ra tio n s  R e se a rch  (a p p o in tm e n t 
e ffe c tiv e  s p r in g  te rm  1976)
R o be rt L. Von B e rg , B .S .C h.E ., M .S .C h.E ., S c .D ., P.E., 
P ro fesso r o f C h e m ica l E n g in e e rin g  
N o rm an  M. Vrana, B.E .E ., M .E .E., P ro fesso r o f 
E le c trica l E n g ine e ring  
K u o -K ing  W ang, B.S., M .S ., Ph.D ., A sso c ia te  
P ro fesso r o f M e c h a n ic a l a n d  A e ro s p a c e  
E n g ine e ring  
W att W. W ebb , B.S., S c .D ., P ro fesso r o f A p p lie d  
P hys ics
R o be rt L. W ehe, B.S., M .S ., A s s o c ia te  P ro fesso r of 
M e ch a n ica l an d  A e ro s p a c e  E n g ine e ring  
L ione l I. W eiss, B .A ., M .A ., P h .D ., P ro fessor o f 
O p e ra tio n s  R esearch  
C h a rles  B. W harto n , B.S ., M .S., P ro fesso r o f E le c trica l 
E n g ine ering
R icha rd  N. W hite , B.S., M.S., Ph.D ., PE., P ro fesso r o f 
C iv il an d  E n v ironm en ta l E n g ine e ring  
H e rb e rt F W ie g a n d t, B .S .C h.E ., M .S .E., Ph.D ., 
P ro fesso r o f C h e m ica l E n g ine e ring  (on  leave, 
sp r in g  te rm )
Jo h n  H. W illiam s, B.S., M .S ., P h .D ., A ss is ta n t 
P ro fesso r of C o m p u te r  S c ience  
R obert L. W illis , B .S., M .S ., Ph.D ., A ss is ta n t P ro fesso r 
o f C iv il an d  E n v ironm en ta l E n g ine e ring  
G e o rg e  J. W olga, B.E.P., P h .D ., P ro fesso r o f E le c trica l 
E n g in e e rin g  a n d  o f A p p lie d  P h ysics 
R obert York, B.S., M .S., S c .D ., PE., P ro fesso r of 
C h e m ica l E n g ine e ring
Visiting Faculty
A lla n  B o rod in , B .A ., M .S ., P h .D ., V is iting  A sso c ia te  
P ro fesso r o f C o m p u te r S c ie n ce  
E d w ard  W  H art, B.S., Ph.D ., V is iting  P ro fe sso r o f 
T he o re tica l a n d  A p p lie d  M e ch a n ics  
J a c o b  Zahavi, B.S., M .S ., Ph.D ., V is itin g  A ss is ta n t 
P ro fessor o f O p e ra tio n s  R e sea rch  
J o h n  R. Z im m erm a n , B.E., S.T.B., M .S ., Ph.D ., V is iting  
P ro fessor o f M e ch a n ica l a n d  A e ro s p a c e  
E n g ine e ring
Engineering College 
Council
A rth u r M. B u eche , V ice  P re s id e n t a n d  D irector, 
R e sea rch  an d  D e ve lo p m e n t Center, G ene ra l 
E le c tric  C o m p a n y ; C h a irm a n  o f th e  C o u n c il 
G e o rg e  F Carrier, T  Je ffe rso n  C o o lid g e  P ro fesso r o f 
A p p lie d  M a th e m a tics , H a rva rd  U n ive rs ity  
J o s e p h  C o o rs , E xe cu tive  V ice  P res iden t, A d o lp h  
C o o rs  a n d  C o m p a n y  
R o b e rt A. C ow ie , P res iden t, C  & M A u to  S p rin g  
C o m pa ny, Inc.
H e rb e rt D o w  D oan, P res iden t, D o an  A s s o c ia te s  
W a lte r A . Fallon , P res iden t, E a s tm an K o d a k  C o m p a n y  
R o be rt F G ilke son , P res iden t, P h ila d e lp h ia  E lec tric  
C o m p a n y
M e re d ith  C. G o u rd in e , E n e rg y  Innova tion s , Inc.
J e rr ie r  A . H a d d a d , V ice  P re s id e n t o f E n g in e e rin g  
P ro g ra m m in g  an d  T echno logy , a n d  D ire c to r o f  the 
Labora to ry , In te rna tio na l B u s in e ss  M a ch in e s  
C o rp o ra tio n
J a m e s  Hillier, E xe cu tive  V ice  P re s id e n t o f R esearch  
a n d  E n g in e e rin g , R a d io  C o rp o ra tio n  o f A m e ric a  
P h ilip  E. H o g in , E xe cu tive  V ice  P res iden t, W estern  
E le c tric  C o m pany, Inc.
S. C. H o llis te r ( re tire d ), D e an  o f E n g in e e rin g , C o rne ll 
U n ive rs ity
D. B ra in e rd  H o lm es, P res iden t, R a ythe on  C o m p a n y  
F re d e rick  G. J a ic k s , C h a irm a n  a n d  C h ie f E xecu tive , 
In la n d  S tee l C o m p a n y  
C h a rle s  W  Lake, Jr., C h a irm a n  o f th e  B o a rd  and  
P res iden t, R. R. D o n n e lle y  & S ons C o m p a n y  
D u d le y  N. S ch o a le s , Partner, M o rg a n , S ta n le y  and  
C o m p a n y
P h ilip  S p o rn , C o n su ltin g  Eng ineer, Form er C h a irm a n  
o f th e  B o a rd , A m e ric a n  E le c tric  P ow er C om pany, 
Inc.
W in fie ld  W. Tyler, E xe cu tive  D irecto r, C o m m iss io n  on 
S o c io te c h n ic a l S ys tem s o f th e  N a tio n a l R e sea rch  
C o u n c il
J . C a rlton  W ard , Jr. ( re tire d ), C h a irm a n  o f th e  Board , 
V itro  C o rp o ra tio n  o f A m e ric a  
W a lla ce  E. W ilson  (re tire d ), G ro u p  V ic e  P res iden t, 
G e ne ra l M o to rs  C o rp o ra tio n  
F rank  W. Z u rn , C h a irm a n  o f th e  B o a rd , Z u rn  
In d u s trie s , Inc.
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C o m p u te r S c ie n ce , C o lle g e  P rog ram  in, 39 
C o m p u tin g  fa c ilit ie s , 43  
C o n tin u in g  e d u ca tio n , 14 
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E n g in e e rin g  C o lle g e  C o unc il, 132 
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N u c le a r p ro c e s s  e n g in e e rin g . S ee  C h e m ica l 
e n g in e e rin g  
N u c le a r s c ie n c e  a n d  e n g in e e rin g , 61, 71 
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R e g ion a l S c ie n ce , C o lle g e  P rog ram  in, 41 
RO TC (o ff ic e r e d u ca tio n ), 12
S a n ita ry  e n g in e e rin g . S ee  C iv il a n d  e n v iro n m e n ta l 
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S p e c ia l s tu d e n ts , 17 
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List of Announcements
F o llow ing  is a  lis t o f A n n o u n ce m e n ts  p u b lis h e d  by  
C o rn e ll U n ive rs ity  to  p ro v id e  in fo rm a tion  on  
p ro g ra m s, facu lty , fa c ilit ie s , cu rricu la , an d  c o u rs e s  of 
th e  va rio u s  a c a d e m ic  units.
A g ric u ltu re  a n d  L ife  S c ie n ce s  a t C o rne ll 
N e w  York S ta te  C o lle g e  o f A g ric u ltu re  a n d  L ife  
S c ie n ce s : C o u rse s  
C o lle g e  o f A rch ite c tu re , A rt, an d  P lann ing  
C o lle g e  o f A rts  a n d  S c ie n ce s : C o u rse s  o f S tudy  
C o lle g e  o f A rts  a n d  S c ie n ce s : In tro d u c tio n  
D e p a rtm e n t o f A s ia n  S tu d ie s  
G ra d u a te  S choo l o f B u s in e ss  an d  P u b lic  
A d m in is tra tio n  
C o lle g e  o f E n g in e e rin g  
E n g in e e rin g  a t C o rne ll
G ra d u a te  S tu d y  in E n g in e e rin g  a n d  A p p lie d  S c ie n ce s  
G ene ra l In fo rm a tio n '
G ra d u a te  S choo l
G ra d u a te  S ch oo l: C o u rse  D e sc rip tio n s  
S ch oo l o f H o te l A d m in is tra tio n  
N e w  York S ta te  C o lle g e  o f H u m an  E co lo g y  
N e w  York S ta te  S ch o o l o f In d u s tria l an d  Lab o r 
R e la tions 
Law  S choo l
M e d ica l C o lle g e  (N e w  York C ity )
G ra d u a te  S ch oo l o f M e d ic a l S c ie n c e s  (N e w  York C ity) 
C o rn e ll U n ive rs ity— N e w  York H o sp ita l S ch oo l o f 
N u rs ing  (N e w  York C ity)
O ffic e r  E d u ca tio n  (R O TC )
S u m m e r S ession
N e w  York S ta te  V e te rin a ry  C o lle g e
‘ The A n n o u n c e m e n t o f  G e n e ra l In fo rm a tio n  is 
d e s ig n e d  to  g iv e  p ro s p e c tiv e  s tu d e n ts  p e rtin e n t 
in fo rm a tio n  a b o u t a ll a s p e c ts  a n d  a c a d e m ic  un its  of 
th e  Un iversity.
R e ques ts  fo r th e  p u b lic a tio n s  lis te d  a b o ve  shou ld  
be  a d d re s s e d  to
C o rn e ll U n ive rs ity  A n n o u n ce m e n ts  
E d m u n d  Ezra D a y  Hall 
Ithaca , N ew  York 14853.
(The w rite r sh o u ld  in c lu d e  a  z ip  co d e .)
O ffice  o f U n ive rs ity  P u b lica tio n s  
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